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PREFACE. 



Being repeatedly advised to bring out a practical 
work on Electro-Metallurgy — an art with which I have 
been intimately associated during the last twenty years 
— I have at last the pleasure of yielding to the soli- 
citations of my friendsj and, I believe^ of satisfying a 
deficiency long felt both by the working electro-metal- 
lurgist and those desirous of studying the art as a 
means of future emolument. 

Although much useful and interesting information 
has been given in other works upon this subject^ and 
the theory of Electro-Deposition most ably treated, I 
am led to believe that the present undertaking, being 
chiefly the result of practical observation, will not be 
considered either unnecessary or out of place at the 
present time. 



VI PKEFACE. 

In submitting these few pages to the reader^ I must 
ask his indulgence if I have omitted any fact with 
which he would desire to become acquainted ; but in 
so vast a field of research as that of Electro-Deposition^ 
doubtless much will ever remain unsaid. It is earnestly 
hoped, however, that the readef wUl receive an eqwa- 
leat for such an omission by discoTcriog some useful 
hints with which, till now, he may be unaequainted. 

ALEXANDER WATT. 

London, July^ 1880. 
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ELECTHO-METALLUEGY, 



PRAOnOALLY TREATED. 



INTRODUCTION. 



From a simple art almost accidentally discovered^ 
electro-deposition lias become a most extensive branch 
of manufacture in this and other countries. At first 
"electrotypiug^' was a very pretty and interesting toy, 
with which the rising generation of chemical philoso- 
phers used to amuse their friends and themselves^ as 
they exhibited the wonderful eflfects which could be 
produced by a small galvanic battery, whose poles 
were immersed in a solution of sulphate of copper. 
How eagerly the eye used to watch the wondrous 
deposit of metallic copper upon the plumbagoed im- 
pression of some favorite seal I And, how delighted 
was the youthful philosopher when, on removing the 
metallic deposit from the sealing-wax impression, he 
foimd a faithful representative of the original, as 
capable, in its turn, of giving a sharp and delicate 
impression as the original itself I 

This great discovery was made in this country by 
Mr. Spencer, and in Russia, by Professor Jacobi, 
nearly at the same time; so that the credit of the 
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invention is equally due to eacli of them. But, as is 
frequently the case, it devolved upon others to turn 
the invention to great practical account, and as a 
matter of course, to a remunerative one also. 

So great was the interest felt in this country — nay, 
almost all over the civilised world, when this beautiful 
discovery was made known, that persons of every grade 
in life devoted their attention to it. The student, the 
mechanic, the artist, the nobleman and the chemist, 
with equal zeal, though with diflPerent views, deposited 
copper from its solution by electro-chemical agency. 
Every one had his set of electrotyping apparatus, and 
his bath of sulphate of copper. Even among the fair 
sex would be found many a skilful manipulator, and 
in such hands, how could the art fail to give beautiful 
results ! Everywhere this art was in vogue, and whilst 
it was being studied as an amusement by some, others 
were turning their attention to its commercial value, 
with a view to making it subservient to the useful 
purposes of life. So that in a very short time this 
country was well stocked with a new class of com- 
petitors — electrbtypists, stereotypists, electro-platers, 
gilders, &c., &c. ; and now that the electro-mania has 
subsided, it has settled itself down into a very comfort- 
able, highly lucrative and legitimate business. 

Nearly a quarter of a century having passed away 
since the introduction of the electro-metallurgical art, 
it is not to be wondered at that it has ceased to enjoy 
that popularity which at one time, as we have said, 
placed it in the hands of all as a fashionable amuse- 
ment ; for those who twenty years ago delighted in the 
art as an interesting novelty, are now many of them 
parents of another generation, which may, in its turn, 
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seek to know the uses of the electric current in the 
deposition of metals upon each other. To aid this class 
of rising experimentalists^ is now our pleasing task. 
♦ To those who desire to practise the arts of electro- 
gilding, plating, &c., with a view to applying the same 
to commercial purposes, it is hoped that the present 
work will prove of service, since it is the intention of 
the author to make it entirely of a practical nature, and 
as free as possible from technical expressions. 

Having been for nearly twenty years practically 
engaged in the art of electro-plating and gilding, on a 
very extensive scale, 'during which period many thou- 
sands of ounces of the precious metals have been 
deposited by me from their various solutions, and 
having paid great attention to the subject of electro- 
deposition generally, I have, in common with others, 
met with many difficulties which careful experiment 
and perseverance have overcome. Therefore, in laying 
before my readers the results of my own practical 
experience, it is with the hope that they may prove 
useful to those who pursue the study of electro-deposi- 
tion, either for instructive amusement or profit. 

As I have, I believe, been more successful in some 
of my operations than many of my fellow-labourers, 
I will carefully describe those processes which I have 
found to answer best, from their certainty, economy and 
simplicity, and pass in review the processes usually 
employed by others, explaining the causes of failure 
and disappointment so frequently accompanying their 
adoption. 

To render myself as intelligible to the working 
electro-plater and the amateur, as to the more scien- 
tific reader, I will fully explain the meaning of any 

B 2 
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technical terms which may necessarily occulr in the 
wayi so that he may not fall into errors which too 
frequently — more especially in a chemical art — retard 
the progress of study. 

In depositing metals from their solutionsj many 
forms of galvanic battery are employed. Among those 
most commonly known are DanielFs, Smee's^ Wollas* 
ton's and Bunsen's. The first of these, DanielPs bat- 
tery, has been almost abandoned, owing to the trouble 
which it involves to keep it in good working order. The 
second, Smee's battery, although far from economical, 
and somewhat uncertain in its action, is still employed 
by some, owing to the great intensity of the current 
which it produces (a quality of but little service to the 
electro-plater when the qtmntity is deficient, as we will 
presently explain). The third, WoUaston's battery, by 
far superior to the latter for electro-metallurgical 
purposes, as it yields a great quantity of electricity of 
considerable tension, is also frequently employed, or 
rather modifications of the same arrangement, which 
are fitted up with but little trouble and expense ; whilst 
Bunsen's battery is only capable of being employed 
in depositing those metals which require a current of 
great intensity, as well as quantity. This battery, 
however, is quite unfit for the purpose of depositing 
either gold, silver, or copper. 

It must be borne in mind, that in order to ensure 
a perfectly smooth, equal and reguline deposit on a 
metallic surface, the battery to be employed should yield 
a considerable quantity of electricity of sufficient intensity 
to work with activity and uniformity. A battery con- 
structed with a large surface of positive and negative 
elements — as zinc and copper for instance —will yield 
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a current of such feeble intensity in proportion to that 
quantity, that, when employed for the purposes of 
electro-deposition, the deposit takes place very slowly j 
whilst a battery consisting of a great number of small 
plates or cells, alternately arranged, would not only 
deposit the metal in a granular or pulverulent form, 
but would actually decompose the solution itself. Con- 
sequently, in order to obtain a good reguline deposit 
of any metal, a battery should be employed whose 
positive and negative elements are in such relative 
proportion as to yield a current of quantity electricity 
possessing sufficient intensity to enable that quantity 
to work well. 

A form of battery which I have found most constant 
and certain in its action, I will describe further on, as 
also one which is much used in extensive operations 
where great power is required to deposit large quan- 
tities of metal, as in the processes of electrotyping and 
electro-plating. 

Faraday employs the terms afiode, anelectrode, or 
positive electrode, for the positive pole of the battery — 
i.e., the wire which proceeds from the copper element in a 
battery ; and cathode, cathelectrode, or negative electrode 
for the negative pole^— -that which proceeds from the 
zinc element. Professor Daniell, however, objecting to 
the terms anode and cathode, proposed the adoption of 
zincode and platinode, to distinguish the positive and 
negative poles ; but as the elements of a battery are 
not necessarily composed of zinc or platinum, and as, 
independently of the great weight which must always 
attach to any system propounded by Mr. Faraday, it 
would sound rather unmusical to speak of leadodes, 
carbonodes, or copperodes, when describing the poles of 
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a battery with an element of lead^ carbon, or copper^ 
I prefer adopting Faraday^s nomenclature. 

The electricity generated in a cell passea from the 
zinc to the copper element of the battery, and from 
thence it proceeds along the wire issuing from the 
copper, traverses the solution, and returns to the cell 
through the wire which is attached to the zinc element, 
and so on. The zinc is the positive and the copper the 
negative element, but the end of the wire attached to 
zinc becomes the negative pole, whilst that proceeding 
from the copper becomes WiQ positive pole. 

The anode, or positive pole, is that wire which is 
attached to the copper cylinder or plate of a battery *, 
and to this wire or pole is suspended, in close contact, 
the sheet or plate of metal which is destined to re- 
supply the solution with the amount of metal which it 
loses by the deposition which takes place on the 
cathode or article to be coated. 

The cathode, or negative pole, is the wire which 
issues &om the zinc plate or bar of a battery, and it is 
this wire or pole, or any metallic surface which may be 
attached to it, which receives the deposit in the bath. 

Professor Faraday denominates the solution, whether 
it be of silver, gold, copper, or any other metal from 
which a deposit is to be obtained, the electrolyte. 

Quantity electricity, as I have already observed, is 
that kind of current which is produced when the 
battery is formed of large surfaces of the metallic 
element ; it is this species of electricity which is most 
useful for the purposes of electro-deposition« 

^^ Experience proves that, in general, the adherence 
of the oxides and of the metals gold, silver, copper, 
and lead on metals, is greater as the intensity of the 
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current is less^ within certain well-known limits ; and 
as the solution is less concentrated/^ * 

Intensity may be given to the quantity already 
existing in a series of cells or plates^ by increasing 
their number ; thus, by attaching the wire proceeding 
from the positive pole of one cell to the negative pole 
of another, and so on, until a compound battery is 
formed of alternate pairs. A battery thus constructed 
is well adapted to the purposes of electro-chemical 
decomposition! or electroliaation, the electric light, the 
giving of shocks, and other powerful effects of elec- 
tricity; but, imless carefully applied, it would be 
highly injurious if devoted to electro-metallurgical 
operations. 

An intensity current seldom lasts longer than a few 
hours, unless fresh exciting fluids be applied to the 
elements with which it is produced; but a quantity 
current may continue to be developed from a constant 
battery for months. I have known a constant battery 
continue in action for twelve months fvitfumt any addi- 
tion whatever, at the end of which period it still gave 
considerable evidences of electrical action. 

The Battery.— The battery 
which I would recommend to 
the attention of the electro- 
gilder, and those who desire to 
deposit metals by electricity on 
a moderate scale, consists of a 
cylindrical stone jar a (fig. 1), 
capable of holding about four 
gallons; inside this jar is fitted Fig« l. 

a cylinder of sheet copper c (this may be -^th of an inch 




♦ Becquerel, "The Chemist,*' 1848, vol. iv. p. 400. 
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iatkickness). A strip of the copper cylinder b^ about 
half an inch broad^ is cut off to within one inch^ so as 
to form the positive electrode; my motive in doing 
this is to insure a perfect connection between the 
positive pole and the cylinder^ and to save the trouble 
of soldering. 

A circular piece of wood forms a covering to the 
jar; in the centre of this cover, a hole about two 
inches in diameter is bored, to which an ox-gullet d, or 
weazand, is fastened, extending to the bottom of the 
jar, the lower end of which is carefully tied with a 

piece of thicktwine; 
or a porous celLmay 
be used instead if 




preferred. A zinc 
^ifr 2. bar B (fig. 2) is cast, 

with a long and tolerably thick copper wire in it, one 
end of which has been previously coiled into a helix, so 
as to form a spring, to prevent the breaking off of the 
wire at its junction with the zinc bar. The ox-gullet, or 
cell, is now nearly filled with a concentrated solution 
of common salt, to which a few drops of hydrochloric 
acid have been added, and the zinc bar immersed in it, 
but not allowed to touch the bottom of the gullet, or 
cell, which it may be prevented from doing by attaching 
a piece of wood across the zinc bar, to suspend it from 
the cover of the battery. The jar is nearly filled with 
water acidulated with two pounds of sulphuric acid and 
one ounce of nitric acid, and the battery is ready for 
use. p and n (fig.l) signify positive and negative poles. 
In the above form of battery several advantages 
present themselves ; its action is constant, there is but 
little local action, and consequently but little waste ; 
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its current is regular, and it is very economical in its 
construction and inexpensive in use. 

A compound battery thus constructed will give most 
powerful effects when a number of cells are used, and 
it will continue to give these effects for a greater 
length of time than any battery with which 1 am 
acquainted. 

In a single cell of this battery, a considerable quantity 
of electricity is disengaged, of sufficient intensity for 
small operations, such as gilding and so forth. When it 
is desired to deposit a large quantity of metal in a given 
time, several of these cells alternated, that is, having 
the zinc wire of one cell united to the copper cylinder 
of the next, and so on, may be employed, by which 
arrangement a vast amount of metal may be deposited 
in a short time, when the solution is in good working 
condition. But it is preferable to unite all the copper 
wires and the zinc wires, by which arrangement the 
intensity is not increased. 

In working with a Smee's battery in the large way, 
the rapid consumption of the zinc plates, the furious 
local action and offensive evolution of hydrogen gas 
which it is susceptible of, and the trouble and expense 
of amalgamating the plates, are among the many dis* 
advantages which this battery exhibits to the practical 
electro-metallurgist ; added to which, the current which 
proceeds from it is far too intense and fluctuating to 
enable us to obtain a smooth and reguUne deposit. 
But for many experimental purposes this is one of the 
most convenient and ingenious batteries known, and 
Mr. Smee deserves the highest credit for its intro- 
duction, as its great popularity will testify. 

WoUaston's battery, were it not for the trouble and 

B 3 
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difficulty of replacing the zinc pUtes whea they are 

consumed, and the constant appiication of exciting 

material which it require*, would be admirably suited 

to electro-metallurgical t^iera- 

tiona- A useful modification of 

Wollaston's battery, howerer, is 

now much in use. It consistB of a 

(Tflindrical stone jar, a, capable of 

holding about ten gallons; two 

pieces (^ sheet copper are fixed 

upon a wooden support, n. A 

plate of amalgamated linc, c, is placed in a groove cut in 

the wooden bar or support between the copper plates. 

A binding screw is soldered to the copper plates, b h, 

which are united by strips of copper, soldered to them, 

aud a binding screw is to be fastened to the zinc plate. 

The jar is to be filled with sulphuric acid one part, water 

fifteen parts. The zinc must be well amalgamated. 

Some electro-platers have employed magneto- elec- 
tricity for the deposition of metals, hut not, I think, 
with much snccess ; owing, no doubt, to the fact that 
a current of magneto-electricity would be liable to 
interruption, or a want of continuity. The action of 
revolving armatures mast necessarily be interrupted, 
owing to the making and breaking of contact. I main- 
tain that, in order to obtain a fair deposit, the current 
of electricity applied must be continuous. 

My brother, Mr. Charles Watt, patented a thermo- 
clectrical battery which, if employed on a lai^e scale, 
would probably eclipse all other batteries for electro- 
metallurgical purposes, as it possesses all the advantages 
of constancy, uniformity, and economy ; being, in fact, 
almost costless in its action. 
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There are other circumstances besides the power of 
the battery which affect the nature of the deposit^ or 
the speed with which it is obtained. The solution^ or 
electrolyte, may be what is termed a good or a bad con- 
ductor, according to the amount of metal or the pro* 
portion of the solvent existing in it; or the extent of 
surface of anode or positive electrode immersed in the 
solution while deposition is taking place. If the solu^ 
tion be poor in metal, &c.^ and the surface of anode 
exposed to the article which is to receive the deposit 
be smaller than is required, the operation will go on 
slowly; whilst, on the other hand, a superabundance 
of metal and the solvent being in the solution, and the 
surface of anode exposed being considerable, the de- 
posit may take place so rapidly that it will be thrown 
off the cathode, or article coated, in the form of a 
powder, or myriads of minute granules. 

Agmn, the speed with which the deposit is obtained 
depends upon the temperature of the solution. When 
the solution is raised to the temperature of 60^ C. 
(140° F.), deposition takes place very rapidly ; indeed, 
in order to bring the solution to a strength which will 
enable you to use it hot without fear of granular depo- 
sition and other imperfections, nearly 75 per cent, of 
water must be added to it, and the surface of anode 
immersed be diminished. 

In excessively cold weather, I have frequently found 
a silver solution covered with ice of considerable thick- 
ness, and consequently the deposition has taken place 
more slowly than was desired. In this state the deposit 
was much harder, and less inclined to be ^'rough,'^ 
than when the solution was of a higher temperature. 
I w^uld at all times prefer working the silver solution 
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at as low a temperature as possible, as I think the 
deposit, under such circumstances, is in many respects 
of a superior quality. 

Motion will also materially aflFect electro-deposition. 
If the solution be too strong; the surface of the 
anode exposed be excessive; the solution be of too 
high a temperature ; the battery too powerful, or 
if any one of these circumstances give rise to a pul- 
verulent or granular deposit, or cause the metal to 
" strip,^^ or peel off the article on which it is deposited, 
by keeping the negative electrode and the article 
attached to it in constant and rapid motion until the 
required coating is obtained, a perfectly smooth, uniform, 
and tenacious deposit will be secured, though the cir- 
cumstances referred to be ever so unfavourable. For 
example, if you attach an article to the negative electrode, 
and place it in the gilding bath, and if, after a few 
seconds, you observe that the gold is deposited of a dull 
brown colour, by very briskly agitating the article in the 
solution it will instantly become bright and of a good 
fine-gold colour. 

There are circumstances under which no deposition 
whatever will take place. The following occurrence 
will illustrate a curious phenomenon which occurred to 
my brother and myself some years ago. We had been 
plating large quantities of spoons and forks in an apart- 
ment for several years, during which time our operations 
had been most highly successful, and we had been 
much praised for the quality of our deposit. One day 
my brother found, to his great annoyance, that no 
deposit whatever would take place on any article im- 
mersed in the solution. Something was wrong. Entirely 
new batteries were applied, but with no better succqps ; 
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fresh solutions were made^ but still no deposition of 
silver took place. The batteries and solutions were 
next insulated from contact with the ground^ as we 
thought it probable the current was being conducted 
away somehow or other, and yet no favourable change 
occurred < Thus matters went on for nearly a fortnight ; 
all hands were idle ; the workpeople enjoyed a kind of 
extended Easter holiday, or were hoping something 
favourable would "turn up'' from day to day. At 
last, having tried every expedient that suggested itself 
to our almost distracted senses, it occurred to me that 
if the solutions and batteries were removed to another 
apartment we might meet with better success. The 
experiment was tried and it succeeded. Once more 
we could observe the beautiful deposit of silver upon 
the metallic surfaces, and all went on well. 

Whatever may have been the cause of this inaction, 
some time afterwards the operations were carried on in 
the same apartment with perfect facility. 

In practising the art of electro-deposition, it is neces- 
sary to observe the strictest cleanliness, and to be 
careful not to allow the solutions in any way to be 
mixed with each other. 

It will be necessary to have various kinds of solutions, 
of certain strengths, in order to deposit one metal upon 
another with tenacity and firmness. The same solution 
will not do well for all metals. It is the neglect of 
this fact which causes many failures, and many solu- 
tions to be spoilt. A solution which will allow a 
good deposit of silver to take place . on copper or 
brass, will not be applicable to steel, as the silver 
would instantly blister or peel off the latter. Again, 
a solution which would deposit a faultless coating of *** 
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copper on iron would deposit a very bad coating on 
zinc. 

To those who fu*e unacquainted with science, I may 
obserre that they need not be deterred from the study 
of these arts by any apparent abstruseness which may, 
at first sights surround it. In the present portion of 
this work I have been under the necessity of entering 
chiefly into scientific considerations : but wi}l now 
commence the details of the various processes of electro- 
deposition, which I will endeavour to render as simple 
as possible^ in order that they may be fully understood^ 
even by those who now enter upon the study of this 
subject for the first time* 

Electoo-deposition of Copper. — Many valuable 
improvements and additions have been made by the 
various manipulators in the beautiful art of electro* 
typing ; one of the first of which was Mr. Murray's 
application of plumbago (carburet of iron), as a coat* 
ing for surfaces which were non-conductors of elec* 
tvicity. 

Electrotypes were (nriginally produced in a cell which 
formed at the same time the battery and the decompo- 
sition bath^ thus :*— A jar a was charged 
with a concentrated solution of sulphate 
of copper ("blue stone'* or ^blue 
vitriol''). A porous cell B, a bladder, 
or a glass tube having one end covered 
with a piece of bladder^ was placed in 
this solution, and a piece of zinc with a 
copper wire c attached was placed in this cell, which was 
then filled with dilute sulphuric acid or salt and water; 
the ol^ect to be copied, being previously prepared, was 
suspended to the end of this wire n and immersed in the 
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copper soIntioD. This was termed the "single cell" 
arrangement; it is even now occasionally used by 
electro-metaUurgists in some of their operations. 

Subsequently^ experimentalists applied a separate 
battery for the purpose of depositing copper from its 
solution^ and it was found that operations on a large 
scale could thus be carried on with considerable speed 
and other advantages. Mr. Mason has the credit of 
being the first who applied a separate battery to the 
production of electrotypes. 

When a separate battery is used, it is necessary to 
attach the mould to be copied to the negative electrode, 
— the wire proceeding from the zinc of the battery, and 
a piece of sheet copper is attached to the positive elec- 
trode — the wire issuing from the copper of the battery. 
In this arrangement the object to receive the deposit 
constitutes the cathode, and the copper plate the anode. 

Copper Solutions. — The solution for electrotyping 
by means of the " single cell ^^ arrangement should be 
composed of a nearly saturated solution of sulphate of 
copper, with two ounces of concentrated sulphuric acid 
added to the gallon of saturated solution ; one drachm 
of arsenious acid (white oxide of arsenic) may be also 
added to improve the character of the deposit, but this 
is not indispensable. A little chloride of tin may be 
substituted for the arsenic. 

The sulphate of copper may be dissolved in baiting 
distilled or rain water, or even common water^ and 
allowed to cool, the sulphuric acid being added when 
the solution is quite cold. 

Sulphate of copper is frequently adulterated with 
sulphate of iron ("copperas'^ or *^ green vitriol'^), 
therefore it is necessary to obtain the article at a 
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respectable establishment; in fact it is advisable always 
to procure substances required for experiment^ or even 
for more extensive operations, where their purity can 
be depended upon. If every one adopted this principle, 
those who vend impure materials would soon be com- 
pelled to follow the example of their more honest com- 
petitors, and to sell pure articles, however little in 
accordance with their wishes. 

The solution required for depositing copper with a 
separate battery is composed of — 

Sulpliate of copper 1 pound. 

Sulphuric acid « . . . • • « 1 ,, 
Water • (about) 1 gallon. 

to which may be added a small quantity of arsenious 
acid or chloride of tin. 

PBEPAKATION OF MOULDS. 

The material of which a mould is composed will 
depend upon the nature of the model; the same com- 
position will not do well for all purposes. 

Moulds from Plaster of Paris Models— may be 

obtained by any of the following methods :— If the 
object to be copied be a plaster medallion^ for instance, 
let it be placed in a plate or large saucer, with its face 
upwards, and pour boiling water all round it until it * 

nearly reaches the upper edge of the cast ; allow it to 
remain in the water until the face of the object assumes 
a moist, but not wet, appearance ; then remove it from 
the plate and surround it with a rim of card or thick 
drawing-paper, allowing sufficient depth in the rim to 
hold a requisite quantity of the moulding material. 
This rim of card may be conveniently kept in its posi- . * 
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tion by sealing-wax. A rim of sheet tin or brass will 
be found also to answer the purpose very well, but it 
must be secured to the medallion by means of fine 
binding wire or a split ring. The medallion must not 
stand for longer than two or three minutes after it is 
taken out of the water, before the composition is poured 
on. It is better to put the rim of card round the cast 
before immersing it in hot water. The following com- 
position, being melted and at the point of cooling, is 
then poured into the mould. 

Wliite wax 6 ounces. 

Spennaceti . . . . • . . 1 ,, 

Steaiine . . « • « . . 8 ,| 

Carbonate of lead 1 ,, 

16 

These compounds should be well melted together, 
the carbonate of lead being added last, and thoroughly 
stirred ; care must be taken that the heat applied be 
not sufficient to form air-bubbles. As soon as the com- 
position is poured on the medallion, it is advantageous 
to quickly stir it with a camel-hair pencil to dissipate 
any air-bubbles which may have resulted from pouring 
in the composition too suddenly. Also, the mould thus 
formed should remain for several hours to become quite 
cold j the more gradually it cools the better. The rim 
may now be removed and the mould separated from the 
medallion. Should there be a tendency for the two 
surfaces to adhere, the plaster cast may be again placed 
in boiling water for an instant, when it will come away 
readily. Sometimes, however, the compo£iition will 
adhere to the plaster in spite of all precautions, in 
which case it is advisable to force it asunder, taking 
care not to injure the composition mould. If some of 
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the plaster is found to adhere to the mouldy place the 
latter in luke-warm water for a short time ; this will 
somewhat soften the adherent plaster^ and will enable 
portions of it to be picked off the surface of the mouldy 
and with a very soft brush much more will come away. 
Should any plaster still obstinately remain adherent^ 
dry the mould and apply with a thin piece of wood a 
little sulphuric acid to the fragments of plaster remain- 
ing^ and leave the mould exposed to the air for some 
time^ when the acid will have attracted a certain quan- 
tity of moisture from the air^ and their united action 
will cause the gradual dislodgment of the plaster, which 
may be brushed away with a soft brush and water. 

Gutta percha is another excellent substance for 
making moulds from plaster of Paris models. The 
gutta percha must be boiled in water for some length 
of time until it is quite soft. The object to be copied, 
if a plaster medallion, should have its surface slightly 
oiled, and then be provided with a rim as before 
described, and the softened gutta percha, being wiped 
dry and rolled into the form of a ball, placed in the 
centre of the model and worked with the hand until 
every part of the medallion is covered with it, when 
a smooth piece of wood (previously greased) may be 
placed over it and pressure applied until the mould is 
thoroughly set. In about an hour or so it may be 
removed from the model. It is necessary to bind the 
rim round the plaster cast very tiffhtlp, in order to 
render the object less liable to fracture and to keep the 
parts well together if an accident does happen ; or the 
plaster cast may be imbedded in a little melted wax, 
poured on a plate, previous to the gutta percha being 
applied ; by this means the plaster will be quite secured 



from fracture^ Pressure may be conyeniently applied 
by placing the mouldy &c., between two pieces of per- 
fectly flat wood and then screwing them in a vice, 
taking care that they be properly adjusted so that the 
pressure may be uniform, or a weight may be placed on 
the mould, and allowed to remain for half an hour or so. 

Moulds in fusible metal may also be obtained from 
plaster casts. The plaster model should first be well 
soaked in boiled linseed oil, to which a little '' patent 
d^yers^^ has been added, and allowed to remain for several 
days before taking the mould, when it will have become 
exceedingly hard. The mould may then be taken 
from the plaster cast in the same way as from medals, 
described further on. 

Elastic moulds, as they are termed, may be made 
from casts in plaster. The composition for this pur- 
pose is — 

Glue 12 ounces. 

Treacle 3 „ 

Soak the glue in sufficient water to render it quite soft. 
As soon as the glue is quite liquid, add the treacle and 
mix them well together. The plastic cast must be 
thoroughly saturated with boiled linseed oil, containing 
a little " patent dryers,^' and be laid aside for a day or 
two, if convenient, to harden before the elastic mould 
is made from it. This material for moulds is generally 
applied to objects which are either much '' undercut,^^ 
or are in considerable relief, and from which, conse- 
quently, it may be impossible to obtain a perfect copy 
without this composition is resorted to. The elastic 
moulds are thus made. If we desire to copy a figure 
of plaster, after it has been subjected to the linseed oil, 
&c., let the hoUow in the figure be filled up with sand 
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and the orifice at its base be well closed with a piece of 
card or oilskin pasted over it. The figure is now 
placed perpendicularly in a jar of cylindrical form, 
and rather deeper than the height of the bust ; the jar 
should be previously well greased. The plaster cast 
must have an abundance of oil brushed or poured over 
it before it is placed in the jar, and the composition is 
poured in until it covers the bust and is an inch or two 
above it. 

After allowing the mould thus formed to remain for 
a day or so to become thoroughly set, the jar may be 
turned upside down, and the mould will readily slip 
out. A very sharp, bright, and thin-bladed knife, is 
now passed from the top to the bottom of the figure at 
its back, very cautiously, and the mould may be opened 
and the plaster model withdrawn. As soon as the 
model is removed, the mould, being elastic, will close 
itself. A strip of oiled paper or rag is now carefully 
wrapped round the mould, in order that it may retain 
its proper position : it is a good plan, also, to place three 
or four pieces of wood of equal thicknesses, at equal 
distances round the mould, secured by a piece of twine ; 
this will protect the mould from injury. The mould 
being inverted, is now filled with a mixture of about 
equal parts of bees^-wax and resin, and a small quantity 
of plumbago and tallow. The mixture should not be 
poured in until it is beginning to cool. The whole 
should be allowed to rest for a few hours until quite 
cold, when the wooden props and bandages may be 
removed, the mould reopened, and the composition 
figure gently withdrawn. The mould will do for future 
occasions. 

When the mould is made of the wax composition, it 
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should be treated in the following manner. Bend a 
piece of stout copper wire in such a way that it may, 
when slightly heated, be conveniently placed round a 
portion of the edge of the medallion, to which it will 
adhere firmly when cold. Then apply, with a soft 
camel-hair, badger-hair, or other very soft brush, finely 
powdered plumbago (common blacklead will do) until 
the whole surface of the mould has acquired a metallic 
lustre. The brush with which the plumbago is applied 
should be worked in circles, so that every little crevice 
in the mould may be thoroughly coated; it may be 
advisable also to plumbago the finger and rub the flat 
surfaces of the mould with it, in order that they may be 
uniformly blackleaded. 

It is sometimes advantageous to breathe upon the 
surface of the mould when applying the plumbago ; 
care must be taken that the end of the conducting 
wire attached to the mould, and that part of the com- 
position near it, receive a good coating of the plumbago 
to insure a perfect connection between the wire and 
the plumbagoed surface. The edge of the mould 
should be scraped round with a knife, in order to 
remove any superfluous plumbago which may have 
been communicated by the fingers, or otherwise this 
part of the mould will receive the deposit, and render 
it difficult to separate the electrotype from the mould. 
But care must be taken not to remove the plumbago 
from the wire and adjacent composition. 

The mould is now ready to be placed in the solution 
bath ; if it is desired to obtain a good thick deposit, it 
may be left in the bath for two or three days or even 
longer. "When the mould has received the required 
coating, remove it from the bath, detach it from the 
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zinc element, and then gradually loosen the electrotype 
with the point of a penknife. Should there be any 
copper deposited on the outer edge of the mould, thereby 
rendering it difficult to separate the one from the 
other, this may be broken away and the obstacle thus 
removed. It is advisable, before taking the electrotype 
from the mould, to cut oflF the conducting wire as close 
to the copy as possible, in order to render the detach- 
ment more manageable. 

As soon as the electrotype is free, it may be heated 
to cherry redness in a clear fire, or, which is better, by 
a blast from a blow-pipe, and when thus annealed it 
will be exceedingly tough, and less liable to be broken. 
When cool, the electrotype may be plunged into cold 
water acidulated with sulphuric acid, and allowed to 
remain in it for some minutes, when it may be rinsed 
and dried, the edges clipped with a pair of jewellers' 
shears, and filed to the proper form. 

The electrotype may now be polished with rotten- 
stone and oil, and applied with a rather stiff brush. 
It may then be washed with boiling water and soap, 
dried, and, lastly, polished with moistened rouge and a 
soft brush, the plain surfaces being polished with the 
second finger and rouge. 

Previously to polishing the electrotype, the hollow 
surface at the back may be filled up with pewter solder 
and lead, thus : — Dissolve a piece of zinc in hydrochloric 
acid (muriatic acid) and apply a little of the solution 
all over the back of the electrotype; cut up some 
pewter solder into small pieces and place them on the 
back, put the copy on a piece of charcoal, and apply the 
blow-pipe flame until the solder has " run '^ into every 
crevice. Some pieces of lead may now be treated in a 
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similar way to give additional substance to the electro- 
type, and it is cheaper than solder. The copy may now 
be bronzed, plated, or gilt, and mounted on a piece of 
black velvet, or otherwise disposed of, according to the 
taste of the electrotypist. 

Moulds from Metallic Substances niny be obtained 
by any of the following processes : — Suppos6 it be a 
medal which we desire to copy, let a stout piece of cop- 
per wire be soldered to the edge or back of the medal, 
or let a thinner piece of wire be twisted tightly round 
its edge. Then place the medal, face upwards, in a 
plate containing a little melted wax, sufltering the wax 
to reach about half way up the edge of the medal, then 
remove it for a moment, and replace in the wax once more 
to give an additional coating. Or soften a piece of 
gutta percha, roll it into a ball, and, having cut a hole 
of the size of the medal in several pieces of card, or one 
thick piece of cardboard, place the medal, face down- 
wards, between these holes and press the gutta percha 
on the back of the medal, and put a weight upon it. 
It maybe advisable to coat the back of the medal with a 
solution of gutta percha, in order to give the lump 
applied a greater inclination to adhere, or the medal may 
be somewhat heated before the gutta percha is applied. 

The face of the medal is now to be slightly greased 
either with olive oil, trotter oil, or melted goose fat. 
This is best done with a camel-hair pencil or a piece of 
cotton wool. The superfluous oil is then to be removed 
from the medal by means of a piece of clean cotton wool 
or a silk handkerchief. Solutions of wax in alcohol or 
turpentine have been substituted for oil or grease. 
The surface of the medal may also be plumbagoed 
with advantage, in which case the oil may be dispensed 
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with. The medal is now to be put into the solution 
bath^ and allowed to remain until sufficiently well 
coated^ when it may be removed^ washed^ and the 
mould carefully separated &om it. 

The mould may now, in its turn, be oiled or plum- 
bagoed, and placed in the bath, and a deposit being 
allowed to take place upon it, the operator will have 
obtained an exact representative of the original. This 
may now be treated in the same way as the electrotype 
from a wax mould. 

The next process for obtaining moulds from metals, 
consists in first oiling or plumbagoing the surface of 
the medal, then placing a rim of card round its edge, 
secured by sealing-wax. Some very fine plaster of 
Paris is now mixed to the consistence of thick cream, 
and this is carefully poured over the face of the medal 
with a table-spoon; a camel-hair pencil is now used 
to stir the plaster on the medal, in order to dissipate any 
air bubbles which may have been formed when pouring 
on the plaster. The brush is quickly plunged into 
water, and the plaster allowed to remain for an hour or 
so to harden. When the mould is separated from the 
medal, it should be placed aside to dry as much as pos- 
sible, and it must be well charged with melted wax 
before being plumbagoed. A wire may be firmly 
twisted round it, and the connection between the wire and 
the mould be secured by brushing the plumbago at that 
part only where the wire is twisted ; otherwise, should the 
whole of the coil of wire be plumbagoed, there may be 
considerable difficulty in detaching the copy when the 
deposit is obtained. As before, all superfluous plum- 
bago should be scraped off the edge of the mould 
before immersing in the bath. 
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Gutta percha moulds may also be obtained from 
metallic substances in the same way as from plaster 
models. 

Sealing-wax has also been employed to obtain moulds 
from metallic surfaces, but it is not so suitable as either 
gutta percha or the following : — 

After a medal has been oiled or plumbagoed as 
before, and a rim of card bound round its edge, a 
mould may be made of the wax and stearine compo- 
sition, which is melted gradually, and when it begins 
to solidify, it is carefully poured on the surface of the 
medal, this being held at a slight angle at the time in 
order to prevent the formation of air bubbles. If the 
composition is too hot, or if the mould be too quickly 
removed from the medal, it will surely adhere. The 
mould should not be removed for several hours. If, 
however, with all precaution, the mould has an inclina- 
tion to adhere to the medal, place them for an instant 
in hot water to expand the medal, when it will separate 
easily. 

Moulds in fusible metal, prepared by various pro- 
cesses, are also obtained from medals, &c. The fusible 
alloy may be formed from any of the following 
formulae :— 

Melt together in a crucible or clean ladle 



Bismuth 8 ottnoes. 

Lead 5 ,, 

Tin 4 „ 

Antimony 1 n- 

While these substances are being fused, nearly fill 
a cylindrical jar of considerable depth, with cold water. 
Cut some hay or straw into pieces of about three 
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inches in length, and place them in the water. Let 
some person keep this well stirred until the metal is 
ready to pour. The stirrer is then withdrawn quickly 
and the melted alloy poured in. • This will finely 
granulate the alloy. The water being now poured ofif 
the granulated metal, it may be dried and remelted. 
By this means the alloy becomes thoroughly well 
mixed. 

Or either of the following mixtures may be treated 
in the same way. 

I. 

Bismntli 8 onsoeik 

*■ iU . f • • • • • c^al 

Bismntli 9 ounces. 

Tin 8 „ 

Lead .... . • . . 6 ), 

"is" „ 

III, 

Binsnih 8 onnaeB. 

Tin . 3 „ 

]jead . , . . . . . . 5 p 

When a medal is to be copied by the fbsible alloy, 
it should be placed on a smooth piece of wood, and 
the edge of the medal traced round with a pencil 
upon the wood; a hole is now to be cut in the wood, 
as deep as half the thickness of the edge of the medal, 
and when this is done the medal is to be placed 
in this cavity, and inade fast to it by meass of moist 
blotting-paper or otherwise, {See engraving,) Or the 
back of the medal mi^y be imbedded in a thick paste of 
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plaster of Paris^ up to half the thickness of its edge^ 
and the plaster worked up so as to form a kind of 
handle for the medal^ which should 
not be greased for this purpose. 
When the medal is secured by either 
of the above means, a wooden block 
is to be obtained, a part of which 
is to be greased a little, and ,a quantity of the fused 
alloy poured quickly on it, and this is to be worked 
up with a thin piece of wood, or card, into a mass 
of pasty consistence. If a pellicle appears on the 
surface it must be quickly removed with the card, and 
the medal be brought suddenly upon the cooling alloy, 
where it must be held steadily for a few moments until 
the alloy has quite set. 

It is absolutely necessary to act with promptness and 
expertness, in order to obtain good moulds by means 
of the fusible alloy. 

Moulds from Animal Substances. — ^Let us pre- 

sume that the object to be copied is a fish. A quantity 
of plaster of Paris is mixed into a thickish paste, and 
poured quickly on a piece of plate-glass or sheet tin, 
slightly greased, to prevent the adhesion of the plaster; 
or a sheet of paper, 
greased on one side, 
placed on a level sur- 
face of wood, will an- 
swer this purpose very 
well. The fish may 
then be laid on its side 
upon the plaster, and 
a little gentle pressure 

applied until one-half of the fish Is imbedded. {See 

a 
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woodcut.) It is advantageous^ sometimes^ to brush oil 
over the fish, previous to placing it in the preparation 
of plaster. As soon as the adjustment of the fish is 
complete, it may be allowed to remain until the plaster 
is thoroughly set, but not hard ; the fish may then be 
carefully removed from the mould thus formed, and 
any " ragged edges" which may appear on the mould, 
may be smoothed with a penknife. Three holes, of 
a conical form, and at least half an inch deep, should 
now be bored in the face of the mould, thus, — one near 
the middle of the fish's back, another below the head, 
and a third beneath the tail. 

The mould must then be brushed over with soap and 
water, a very soft brush being applied, and the fish 
is then carefully replaced in its former position. Then, 
having made a further quantity of plaster into a thin 
paste, pour it quickly on the fish and mould, taking 
care that the three holes be filled with the plaster. 
Should any air-bubbles occur during the pouring on of 
the plaster, they must be instantly dissipated with a 
soft brush or thin piece of wood. Having applied 
sufiicient plaster to make a strong mould, let the whole 
rest until the moulds are quite hard, when they may be 
separated ahd the fish withdrawn. The upper mould 
will have three projections, corresponding to the holes 
in the lower mould, which will enable the operator to 
put the moulds together with facility and accuracy. 

These moulds may now be placed in an oven until 
they are quite dry, and should then be put into a 
shallow vessel, containing melted wax, and allowed to 
remain therein until they are quite saturated ; as soon 
as the moulds are cool they are ready to receive the 
plumbago, or other conducting medium. 
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Several holes should then be drilled in the edge of 
each mould, and a stout copper wire, bent at one end, 
be inserted in each hole, the terminations of these wires 
being well bound together^ so as to prevent the mould 
from shifling from the wires. Several pieces of fine wire 
(jewellers' binding wire will answer this purpose very 
well) may be twisted round the conducting wire, and 
their ends be allowed to touch the surface of the mould 
in several places, in order to aid the deposit, which, 
when large surfaces are exposed, is apt to take place 
principally or entirely at the points of the conducting 
wires. Care must be taken that the portions of the 
mould to which the wires are attached be well coated 
with plumbago, and the edges of the mould should be 
scraped, in order to free them from any plumbago 
which may have been communicated to them ; other- 
wise, when the deposit is obtained, it may be found 
difficult to separate the mould from the electrotype. 

When the two halves of the fish are thus obtained 
in electrotype, the extraneous copper should be removed 
as before directed, and being filed until they will lay 
close together, the inner edges may be tinned with 
chloride of zinc and pewter solder, and being .brought 
together, a blowpipe flame will soon complete the 
union. A perfect representation of the fish is here 
obtained, which may be either bronzed, plated, or gilt, 
by any of the processes hereafter to be described. 

Moulds from any animal substances may be obtained 
by the above plan. 

In some instances it may be advisable to make a 
mould of an animal in the elastic material before 
spoken of, in which case one half of the object may be 
imbedded in sand, and a cylinder of sheet tin made to 
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surround the object^ and being an inch or two higher 
it may be stuck in the sand. The elastic material is 
now to be passed into the cylinder^ until it nearly 
reaches the top ; it is allowed t<f remain until the com^ 
position has thoroughly set^ when the metal rim may 
be removed^ and the object separated from the mould. 
The other half of the object may be treated in the same 
way. The composition of wax and stearine may now be 
poured into each half of the mould, and plaster moulds 
may be taken from the wax models thus formed^ which, 
being saturated with melted wax^ may be plumbagoed 
and electrotyped. 

Moulds from Vegetable Substances, may be gene- 
rally taken in the same way as from animals. Leaves, 
sea-weeds, &c., may be thus copied :— Suppose we take 
a fern-leaf for example : let the back of the leaf be 
carefully imbedded in a paste of plaster of Paris^ and 
with a piece of wood, guide the plaster so that it may 
fill up every crevice that is not to be copied. When 
the plaster is quite hard^ melted wax may be poured 
over the leaf (which should be dusted over with plum- 
bago previously, to prevent the wax from adhering), 
and allowed to remain until quite cold. The leaf and 
plaster should now be separated from the wax mould, 
which is then ready to receive the plumbago, &c. 

Another good plan is, to brush over the back of the 
leaf with thin plaster^ layer after layer^ until it has 
received a good stout coating; this may now be im- 
bedded in sand, and wax poured on as before. 

Fern-leaves, se&- weeds, &g., may be imbedded in day 
before the wax is applied to them« 

The elastic moulding will also be found very useful in 
copying vegetable substances. 
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Gutta perchik can seldom be applied with advantage 
to the copying of delioate objects of vegetable or 
animal nature^ owing to the amount of pressure it 
requires to obtain an impression. 

Having described the various motilding materials 
employed by electrotypists^ we will proceed to the 
general applications of the art of electrotype 

Articles of glass may be coated with copper^ by first 
covering them with a solution of gUtta percha in tur- 
pentine 6r naphtha^ or wax dissolved in turpentine ; 
the article is then coated with plumbago^ Sue,, in the 
usual way. The surface of the glass vessel may be 
rendered somewhat rough by submitting it to the 
fumes of hydrofluoric acid^ but this is seldom requisite. 

In some cases it will be found difficult to apply plum- 
bago to a given sttrface^ in which case the following 
mixture may be employed ]^^ 

Wftz <ft tftfloW i ^ t » 4 4 1 pound. 

Spirit of titrpentiB« . • < . « . 1 pint. 

' India rubber 2 ounces. 

Asphalte 1 pound. 

Melt the wax or tallow^ then dissolve the caoutchouc 
and asphalte in the turpentine^ and add to the wax^ 
stirring them well. Now pour in one pound of the 
following solution :— 

Fhosplionui «••#•« 1 pound* 
Bisulpburet of carbon 15 pounds. 

Smidler quantities may be mixed up in the same pro- 
portions^ 

Th6se sUbstani^ being well blended together, objects 
to be electrotyped are brushed over with the compo« 
sition, or^ being attached to a wire, are dipped into it* 
A weak solution of nitrate of silver is next provided. 
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containing about two pennyweights of silver to the 
quart of distilled water, into which the article is 
immersed until it assumes a black colour all over ; it is 
then placed in clean cold water, and afterwards dipped 
in a solution of chloride of gold, washed again, and 
allowed to dry spontaneously. The object is now 
ready to be placed in the bath, where it will receive the 
deposit very readily. 

The above method of rendering non-metallic sub- 
stances conductors of electricity is particularly applic- 
able to the coating of insects, flowers, and other 
delicate objects of nature. 
Flowers, &c., may also be dipped in a rather weak 

solution of nitrate of silver, and then 
A^ be exposed to the fumes of phosphorus 

/^\ under a glass; or the object i, after it 

I I has been dipped in nitrate of silver, 

may be placed in a bottle a charged 
vrith hydrogen, or phosphuretted hy- 
drogen. 
Daguerreotypes may also be copied 
by the electrotype process, thus : — ^A portion of the back 
of the daguerreotype is to be cleaned by scraping it, or 
by applying a single drop of nitric acid, which is then to 
be wiped off; a little chloride of zinc is now put on 
the clean spot, and a small piece of thin pewter solder. 
A thickish copper wire, having one end flattened, is now 
placed in the flame of a candle or lamp, and being 
brought in contact with the picture, the heat is to be 
continued until the solder runs. The back of the 
daguerreotype may now be coated with wax, and may 
then be placed in the bath to receive the deposit of 
copper. The electrotype will be found easily separable 
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from the pictures^ and it should be slightly gilt^ iu order 
to protect it from oxidation. 

Another useful application of the art of electrotype 
is the invention of Mr. Palmer, termed by him glypho- 
graphy^ a description of which process we give here- 
with : — 

^^ A piece of ordinary copper plate, such as is used 
for engraving, is stained black on one side, over which 
is spread a very thin layer of white opaque composition, 
resembling white wax, both in its nature and appear- 
ance; this done, the plate is ready for use. 

*^ In order to draw properly on these plates, various 
sorts of points are used (according to the directions 
here given), which remove, wherever they are passed, 
a portion of the white composition, whereby the black- 
ened surface of the plate is exposed, forming a striking 
contrast with the surrounding white ground, so that the 
artist sees his effect at once. 

^^The drawing, being thus completed, is put into 

the hands of one who inspects it very carefully and 

minutely, to see that no part of the work has been 

damaged, or filled in with dirt or dust ; from thence it 

passes into a third person^s hands, by whom it is 

brought in contact with a substance having a chemical 

attraction or afi&nity for the remaining portions of the 

composition thereon, whereby they are heightened ad 

libitum. Thus, by a careful manipulation, the lights of 

the drawing become thickened all over the plate equally, 

and the main difficulty is at once overcome : a little 

more, however, remains to be done. The depth of 

these non-printing parts of the block must be in some 

degree proportionate to their width ; consequently, the 

larger breadths of lights require to be thickened on the 

8 



84 ELEOXBO-MKCAIXUHaY. 

plate to a maeh greater extent, in order to produce tlik 
depth. Tills part of the proeesa ia purely mediaiiical, 
and easily aceompliahed. 

'' It is indispensably necessary that the printing ntf-^ 
facea of the block prepared for the press shonld project 
in such relief from the block itself, as shall prevent the 
probability of the inking*roller touching the intenstices 
of the same whilst passing over them ; this is aecom^ 
plished in wood engraving by catting out these inter- 
rening parts, which form the lights of the print, to a 
sufficient depth; but in glyphography the depth of 
these parts is formed by the remaining portions of the 
white composition on the plate, analogous to the thiek- 
ness or height of which must be the depth on the block, 
seeing that the latter is in fact (to simplify the matter) 
a east or reverse of the former. But if this composition 
were spread on the plate as thickly as required for this 
purpose, it would be impossible for the arti^ to put 
either close, fine, cat free work thereon j consequently 
the thinnest possible coating is put on the ^te pre- 
vionsly to the drawing being made, and the required 
thickness obtained ultimately as described. 

'' The plate thus prepared is again carefrilly inspected 
through a powerful lens, and closely scrutinised, to see 
that it is ready for the next stage of the process, which 
is to place it in a trough and submit it to the action of 
a galvanic battery, by means of which cc^per is depo- 
sited into the indentations thereof, and, contimdng to 
fill them up, it gradually i^reads itself all over the snr- 
face of the composition, until a sufficiently thick plate 
of copper is obtained, which, on being separated, will 
be found to be a perfect cast of the drawing 
formed the elicMe. 
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Lftiftlj, the Metallic plate thus produced is soldered 
tor another piece of metal to strengthen it^ and then 
mounted on a piece of wood to bring it to the height 
of the printer's type. This Completes the process, and 
the glyphogi'aphic block is now ready for the press. 

^'It should, however, have been stated previously, 
that if any parts of the block require to be Imoered, it 
is done with the greatest facility in the process of 
mounting/* 

For the purp(yse of coating iron or zinc with copper, 
various solutions are employed. 

1. Add to a solution of sulphate of copper a solution 
of cyanide of potassium, which will form a greenish 
precipitate ; care must be taken to avoid breathing the 
fumes arising during this part of the process, as they 
are highly injurious. The precipitate is to be washed 
several times with cold water, and lastly dissolved With 
cyanide of potassium* 

2. Poiiur into a solution of sulphate of copper, a solu- 
tion of feffocyanide of potassium, until no further pre- 
cipitation takes place. Wash the precipitate as before. 
Cyanide of potassium will dissolve the precipitate. It 
is recommended to work this solution hot. 

^4 The solution which I have found to answer best 
for coating iron and zinc is composed of — 

tiatfyon&te of potassa 4 otmces* 

Sulpliate of copper . « . < . .^ 2 ,, 

Liquid ammonia (about) 2 ,, 

Cyaaiide of potassium . . . . ^ 6 ^^ 

Wafter . . . . . (about) 1 gallOH. 

Dissolve the sulphate of copper in boiling (distilled or 
rain water, and when cold add the carbonate of potassa 
and ammonia; the precipitate when formed is redis* 
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solved. Now add the cyanide of potassium^ until all 
the blue colour disappears. A precipitate will be found 
at the bottom of the vessel^ from which the clear solu- 
tion may be separated by decantation. 

The chloride or acetate of copper may be used instead 
of the sulphate^ the former being preferable to the 
latter^ but more expensive. Solutions thus made may 
be worked cold. Two cells of the battery described at 
page 7 will be found to answer admirably, for the 
purpose of depositing from these solutions. 

Articles of iron which are to receive the deposit of 
copper should be previously soaked in a strong solution 
of caustic alkali, either soda or potassa, made by adding 
to either of these salts some recently slaked lime ; the 
clear liquor proceeding from which is to be used for 
the purpose of removing any grease which may attach 
to the article, which is then to be well washed and 
immersed in a *' pickle," consisting of — 

Salphuric acid 1 pound. 

Hydrochloric acid 2 ounces. 

Water H gallon. 

After the iron article has remained in this pickle for a 
short time, it may be removed, and well washed and 
scoured with sand and water, applied with a very hard 
brush. 

Articles of zinc may be placed in the alkali, and then 
steeped in the following pickle : — 

Salphurio acid 1 pound. 

Water 2 gallons. 

After pickling, the articles may be scoured with sand if 
they require it, which is seldom the case, unless the 
work is old and greasy, in which case the brush and 
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sand "will readily remove any stains which may present 
themselves after pickling. 



BRONZINa. 

When an electrotype is obtained, or a surface of iron 
or zinc coated with copper, a bronze appearance may 
be imparted by any of the following mixtures, which 
should be laid on with a soft brush, and allowed to dry; 
after which a somewhat harder brush should be briskly 
applied to the object, until it has become thoroughly 
brightened. Should the bronze, however, appear too 
uniform and want relief, a little of the composition 
should be rubbed off the raised surfaces, in order to 
give an effect of light and shade. This may be done 
to suit the taste of the operator. 

As the bronzing mixtures are of different colours, 
and are to produce various effects, care should be taken 
never to apply any two of them with the same brush, 
without previously washing it. 

Black Bronze. — ^Dissolve platinum in nitro-hydro- 
chloric acid, and evaporate to dryness, or to crystallisa- 
tion. Dissolve this in spirit of wine, ether, or water. 
A few drops of this solution may be mixed with any of 
the bronzing powders, such as crocus, sienna, rouge, 
&c. It is well to gently heat the article to be bronzed, 
previous to applying this composition. The projecting 
portions of the article may be lightened, if requisite, by 
applying a little liquid ammonia to them with a piece 
of chamois leather. 

Brown Bronze. — Rouge, with a little chloride of 
platinum and water, will form a chocolate brown of 
considerable depth of tone, and is exceedingly applicable 
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to brass surfaces^ wMeh are reqtAfed to resemble a 
copper bronze. 

Parisian Bronzes. 

I. 

I^lumbago 1 ounce. 

Sienna . . , . . » • « 2 y, 
Rouge . 4 „ 

Add a few drops of bydrosulpbate of aizuaonia ai^ 

water. 

II. 

Olu'ofiiate of lead 2 ounces. 

PfsBnan bhi0 4 « • •> • * ,• tL y^ 

Plumbago , , • • * 4 t \ poiiad. 

Sienna powder • . , * . • • i >» 

Lac carmine . • • \ 1% 

Add sufficient water to make a paste. To this may 
be added either chloride of platinum^ or hydrosulphate 
of ammonia, according to the taste of the m^pulator. 

Another bronze may be made by mixing a little 
rouge, crocus, and hydrosulphate of ammonia in^ water; 
this should be applied several tunes, in order to give a 
body to the bronze. 

Having given the principal facts connected with 
the electro-deposition of copper, sufficient I hope to 
enable the student to pursue the subject with ease and 
success, I now proceed to describe the vsudous pro- 
ceases of Electro-Plating, in which I trust to present tQ 
the reader some useful practical information. 

The most important of all the arts of elecfrO-depOsl- 
tion is that denominated " electro-plating.'* This beau- 
tiful art is now practised to a vast extent in London, 
Sheffield, Birmingham, and Paris, Articles, chiefly 



mnSe ot Germaii Mher^ are eoaied with fine tnlrer, and 
thtw, to a great extent, supercede the ordinary ShefBeM' 
and Birmingham plate ; whilst old articles^ from whieh 
the niUer has worn off can be replated, and thns rendered 
equal, and in some instances, superior to new. 

Pirewus to the discotery of this art, when the silver 
had disappeared from the surfaces of plated articles by 
long usage, they became useless, as there was no process 
known by which the articles could be re-silvered. 

Since the first introduction of the art, many have 
worked it with considerable success, and in the principal 
towns in England, Ireland, and Scotland, there are 
manufactories in which, annually, a vast amount of 
silver is deposited upon articles of various construction, 
and yet there is no superabundance of electro-platers ; 
for I believe that if there were ten times the number, 
they would all do well, and for this reason : — the 
amount of plated goods now manufactured aH over 
the kingdom far exceeds that made in the old days of 
SheflSeld and Birmingham plate ; and the silver which 
is deposited on these goods must be replaced as it 
wears off, in the progress of time, by the electro-plater. 
Again, many persons now use plated German silver 
goods in preference to silver, either owing to their 
superior beauty, their being less tempting to the 
marauder, or more economical to purchase. And when 
we bear in mind the vast quantity of electro-plate which 
is to be fcmnd ,in the hotels, restaurants, and private 
Ifeottses in the united kingdom— ^which is daily having 
itar ttlver rubbed and scrubbed off, there is good reason 
to believe that the electro-plater's services will be ex- 
tensively required, in proportion as the manufacture 
and consumption of electro-plate progresses. 
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There are many solutions employed in depositing 
'silver upon various metals^ from which we will select 
those most likely to succeed with the beginner and the 
practical man. The proportions of the materials used 
being the same in small or large operations^ the mani- 
palator may easily make up either of the following 
solutions in any quantity he pleases^ from a pint to 1000 
gallons or more. 

Silver Solutions. — In making any of these solu- 
tions^ perfectly jf?»e silver must be employed ; or, if it is 
desired to use standard or other impure silver, it will 
be better to purify the silver by first dissolving it in 
nitric acid; then add about one quai*t of cold water to 
the acid solution obtained from dissolving four ounces 
of silver. Now throw in a few pieces of sheet copper 
to precipitate the silver, and proceed as described at 
page 93. When the pure silver is thus obtained, it is 
to be again dissolved in two parts water and one part 
nitric acid. 

Solution I. 



Fine silver 1 ounce. 

Nitric i 
Water 



Nitric acid . . • • . abont 1 ,, 



it 



Put the silver carefully into a Florence flask, and then 
pour in the acid and water ; place the flask on a sand 
bath for a few minutes, taking care not to apply too 
much heat, and as soon as chemical action becomes 
violent, remove the flask to a cooler place, and allow 
the action to go on until it nearly ceases ; when, if 
there be silver still undissolved, the flask may be again 
placed on the sand-bath until the silver disappears. If, 
however, the acid employed has been weak, it may be 
necessary to add a little more. The red fumes formed 
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when chemical action is going on disappear when the 
silver is dissolved or when the acid has done its work. 
If a little black powder be visible at the bottom of the 
flask^ it may be taken care of separately^ as it is gold. 
I have frequently found gold in the silver purchased of 
a refiner; in some instances more than sufficient to 
pay the expense of the acid employed. 

The nitrate of silver formed during the above opera- 
tion should be carefully poured into a porcelain or 
Wedgwood capsule^ and heated until a pellicle appears 
on the surface^ when it may be placed aside to crystallise. 
The uncrystallised liquor should then be poured from 
the crystals into another capsule^ and heat applied until 
it has evaporated sufficiently to crystallise. "When this 
is done^ the crystals of nitrate of silver are to be placed 
in a large jar or other suitable vessel^ and about three 
pints of cold distilled water added^ the whole being 
well stirred with a glass rod until the crystals are 
dissolved. 

A quantity of carbonate of potassa is now to be dis- 
solved in distilled water^ and some of the solution added 
to the nitrate of silver^ until no further precipitation 
takes place. It is advisable occasionally to put a little of 
the clear solution in a glass, or test-tube^ and to add a 
few drops of the solution of potassa^ in order to ascertain 
whether all the silver is thrown down^ or otherwise ; as 
soon as the application of the alkaline solution produces 
no effect upon the solution of nitrate of silver, this 
operation is complete. 

The supernatant liquor (that is, the fluid which remains 
above the precipitate) should next be carefully poured 
off the precipitated silver, and fresh water added; this is 
again allowed to settle, and the water poured off as 
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before, which operation should be repeated several times 
in order to wash the precipitate thoroughly* 

A quantity of cyanide of potassium is then to be dis- 
solved in hot or cold water^ and rather more than is 
sufficient to dissolve the precipitate added* In a few 
minutes the carbonate of silver will be dissolved by the 
cyanide^ but in all probability there will be a trifling 
sediment at the bottom of the vessel^ which may be 
separated from the solution by filtration^ and preserved^ 
as in all probability it will contain a little silver* 

Sufficient water is now to be added to make one 
gallon of solution. Should the solution be found to 
work rather slowly at firsts a little of the solution of 
cyanide may be added from time to time^ as it is 
required : but it is preferable^ in working a liew solu- 
tion^ to have as small a proportion of cyanide as pos- 
siblci otherwise the articles may strip, but more espe*- 
cially if they are composed of German silveif. 

When a silver solution has been worked for some 
length of time^ it acquires organic matter^ and is then 
capable of bearing, without injury, a larger proportion 
of cyanide. 

It is necessary that the nitric acid employed for dia« 
solving silver should be of good commercial quality, if 
not chemically pure, for if it contains hydrochloric acid 
(which is not an unfirequent adulteration), a portion of 
the silver dissolved will become precipitated in the form 
of a white fiocculent powder (chloride of silver), and 
the success of the operation is thereby impaired* 

Solution II. — ^To one ounce of silver, dissolved and 
crystallised as above directed, is to be added three pints 
of distilled water* The silver is to be precipitated from 
this by adding gradually a strong solution of cyanide of 
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potassium. This muAt be done with caution, as an 
excess of cyanide will re^dissolve the precipitate. Should 
the operator, however, accidentally apply too much 
cyanide, a little nitrate of silver in solution may be 
added, the silver of which will be precipitated by the 
surplus cyanide. A portion of the solution should be 
placed in a wine-glass occasionally, and a drop of 
cyanide added, until no further effect is produced by 
this substance. 

As soon as the precipitate (which is white) has sub' 
sided, the clear solution is to be poured off, and fresh 
water added, this being done several times, as before, 
to wash the precipitate. 

Three pounds of ferrocyanide of potassium (yellow 
prussiate of potassa) may now be dissolved in water, 
and added to the precipitate. When the precipitate is 
dissolved, add sufficient water to make one gallon of 
solution, which should then be filtered before using. 
This solution is not very profitable to the eleotro-plater, 
as it requires fresh silver to be added frequently, owing 
to the fact that the anode, or silver plate, is not acted 
upon by the ferrocyanide, therefore the solution soon 
becomes deprived of its silver^ It may be used, how* 
ever, for experimental purposes. 

Solution III. — One ounce of fine silveif dissolved 
and treated as before, to which add three pints of dis- 
tilled water. Precipitate the silver by adding a strong 
solution of common salt-^^n excess does no harm. A 
single drop of hydrochloric acid will show whether all 
the silver is thrown down or not^ The white precipi- 
tate thus formed (which is chloride of silver) is to be 
washed as before. 

A quantity of hyposulphite of soda is next dissolved 
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in hot distilled water^ and a sufficient quantity added 
to dissolve the precipitate. Water is then to be added 
to make one gallon. This solution is decomposed by 
lights and should therefore be kept covered up^ or in a 
dark place. It is not much used by electro-platers. 

Solution rV. — One ounce of fine silver treated as 
before, and dissolved in three pints of distilled water. 
Precipitate with common salt, and wash, as above 
directed. Dissolve the precipitate with a strong solu- 
tion of cyanide of potassium, taking care not to add 
much more than will dissolve the chloride of silver. 
Filter carefully, at least once through the same filtering 
paper and once through clean filtering paper, and then 
add enough distilled water to make one gallon of solution. 

The above solution is very useful when it is desired 
to plate an article delicately white, but the silver is 
liable to strip when the burnisher is applied to it. This 
solution, however, may be employed with less fear of 
the work stripping, if it be used weaker, with a small 
surface of anode and feeble battery power. 

Under all circumstances this solution is more applic- 
able to surfaces which only require to be scratch- 
brushed, or which are to be left dead. Chased figures^ 
clock-dials, cast metal work, &c., may be admirably 
plated with this solution. 

Solution V. — One ounce of fine silver, as before, 
and the crystals dissolved in three pints of distilled 
water. Add strong solution of cyanide of potassium 
until no further precipitation takes place. If too much 
cyanide is added, it will re-dissolve the precipitate. 
Pour off the supernatant liquor and wash the silver as 
before. Now add strong solution of cyanide to dissolve 
the precipitate. Make one gallon with distilled water. 
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The solution should have a moderate excess of cyanide^ 
and it must be filtered before using. 

Solution VT. — ^A silver solution may be made by 
dissolving one ounce of silver as before. Dissolve the 
crystals in one pint of distilled water. Next be pre- 
pared with a large vessel full of lime-water, made by 
adding recently slaked lime to an ample quantity of 
water, which, it must be remembered, dissolves but a 
very small per-centage of lime. To the clear lime- 
water is to be added the solution of nitrate of silver, 
which will be converted into a dark brown precipitate 
(oxide of silver). When all the silver is thrown down, 
the clear liquor is to be poured off, and the precipitate 
washed as before. Now add strong cyanide of potas- 
sium solution to dissolve the oxide of silver, and make 
one gallon with distilled water. 

This makes a very excellent solution, although it is 
somewhat troublesome to prepare. 

Solution Vn. — Dissolve in one gallon of water one 
ounce and a-quarter of cyanide of potassium, in [a 
stone-ware or glass vessel. Fill a porous cell with some 
of this solution, and place it in the larger vessel ; the 
solution should be the same height in both vessels. 
Then put a piece of sheet copper or iron, connected 
with the wire which proceeds from the zinc of the bat- 
tery, into the porous cell. Place in the stone vessel a 
piece of stout sheet silver, which must be previously 
attached to the wire issuing from the copper of the 
battery. It is well to employ several cells alternated, 
for this purpose, when a large quantity of solution has 
to be prepared ; that is to say, the zinc of one battery 
should be united by a wire with the copper of the next, 
and so on. In a few hours the solution in the larger 
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vessel will have acquired sufficient silver, and the solu- 
tion may be at once used. The porous cell is to be 
removed, and its contents may be thrown away. 

In working this solution at first it is necessary to 
expose a rather large surface of anode, and small quan- 
tities of cyanide must be added occasionally until the 
solution is in brisk working order. 

This is one of the best solutions, when carefully 
prepared, and is less liable to strip than many others. 

Solutions of silver may be prepared by precipitating 
the silver from the solution of nitrate with ammonia, 
soda, magnesia, &c., fee, but for all practical purposes 
the solutions I., IV., V., VI., and VII., may, if care- 
fully prepared, be depended upon. 

When it is desired that the articles should come out 
of the bath having a bright appearance, a little bisul- 
phuret of carbon is added to the solution. This is best 
done in the following manner :— Put an ounce of bisul- 
phuret of carbon into a pint bottle containing a strong 
silver solution with cyanide in excess. The bottle 
should be repeatedly shaken, and the mixture is ready 
for use in a few days. A few drops of this solution 
may be poured into the plating bath occasionally, until 
the work appears sufficiently bright. The bisulphuret 
solution, however, must be added with care, for an 
excess is apt to spoil the solution. In plating surfaces 
which cannot easily be scratch-brushed, this brightening 
process is very serviceable. The operator, however^ 
must never add too much at a time. 

In making up any of the foregoing solutions the 
weights and measures employed are troy, or apothe- 
caries^ weight, and imperial measure, a table of which 
^iU be given at the end of this volume. 
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Having at command any of the solutions described, 
the operator may next arrange the battery. A plate 
a, a, a, or sheet of silver, is to be attached to the wire 
issuing from the copper of the battery b, and supported 
by a brass rod d; this may be done either by soldering 
them together or uniting them with a suitable binding 
screw; but the best plan of attaching the anode^ or 




sheet of silver, to the copper wire is as follows : — Cut 
a strip to within half an inch or so; this strip may 
be united to the wire by a binding screw or soldered. 
If cast plates of silver are used, it is advantageous to 
have them cast with an extra piece, about three inches 
long at the corners, to attach the copper wire to. 

The object in adopting either of the above arrange- 
ments is to prevent the copper wire entering the bath, 
as this is much impaired by allowing the copper to be 
immersed in the cyanide solution, whether deposition 
is taking place or not. Copper, if left in the bath for 
any length of time, even unconnected with a battery, 
will reduce a portion of the silver from the solution, 
an equivalent of the copper taking its place. This is 
especially the case when a large quantity of free cyanide 
is present. 

A brass rod e, with a binding screw soldered or screwed 
on one end of it, is now to be attached to the negative 
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wire of the battery. The articles to be coated may be 
suspended to this rod by pieces of clean copper wire ; 
the wire used for this purpose may be rather thin, yet 
suflSciently strong to bear* the weight of the articles. 
The thinner the wire is the less mark will be made 
upon the articles coated — a very important considera- 
tion in some cases, especially where spoons and forks 
are to be plated. This wire is termed " slinging wire.^' 
The size I generally prefer for spoons and forks is 
about ^nd of an inch in thickness. The rods from 
which the anodes and goods to be plated are suspended 
must be kept quite clean and bright, by rubbing with 
emery cloth. 

Preparation of New Work to be Plated.— Ger- 
man silver spoons and forks may be first placed in a hot 
solution of caustic soda or potassa (made by mixing 
recently-slaked lime with a concentrated hot solution 
of either soda or potassa, and allowing the lime to sub- 
side, the liquor is ready for use when further diluted), 
in order to remove any grease which may be upon 
them. A few minutes will effect this, as the caustic 
alkali very readily converts the small amount of grease 
generally on these articles into a soapy substance, easily 
removable by water. This process, however, is not 
indispensable ; I seldom adopt it. 

The spoons, &c., may now be well brushed with either 
powdered pumice-stone or powdered bath-brick (I 
prefej: the latter) and water — a hard brush being ap- 
plied to the purpose. This cleansing process is carried 
on until all the polish of the spoons is removed ; and 
the fingers which hold the articles should be kept well 
charged with the powdered material, to prevent any 
grease or perspiration being imparted to the work. In 
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cleaning spoons^ it is advisable to begin at the inside 
of the bowl, and then to proceed to the other parts ; 
lastly, going over the whole surface lightly, to render 
it uniform after the necessary handling it has been 
subjected to. A little practice will soon render the 
operator expert in these important details. The spoons, 
&c., are to be placed in clean cold water as soon as 
they are brushed, and are then ready for the bath. The 
slinging wires may now be attached. 

When a solution is newly made, the work is apt to 
be irregularly coated at first, therefore it may be neces- 
sary to take the articles out of the bath about ten 
minutes after their first immersion, and to give them 
another slight rub with the brush and powdered ma- 
terial as before, when they should be again rinsed and 
placed in the solution. 

If it is desired to give the spoons a very strong coat- 
ing of silver, it is well, after a few hours^ immersion, to 
remove them from the bath, and to submit them to the 
action of a lathe scratch-brush (consisting of a "chuck,^^ 
with several bundles of fine brass wire attached to it, 
upon which beer or weak ale is allowed to run from a 
small barrel, with a tap to it, from above). This process 
will burnish down the white "burr,^' as it is called, 
and which consists of minute crystals of fine silver, 
and will prevent the coating from becoming rough. 
After the articles are scratched they should be rinsed 
in clean water, and again placed in the bath until done. 
The spoons may be lightly brushed over with moistened 
silver sand instead of being scratch-brushed, but the 
latter is preferable. When the goods have received 
the required coating they are again scratched, and can 
then be finished, either by the burnisher or polisher. 
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If the operator desires to know exactly how much 
silver is deposited on a given quantity of work^ this 
may be done by weighing the article before and after 
immersion; or^ by weighing the anode each time^ he 
may form a tolerably correct estimate of the amount 
of silver deposited, for the anode generally supplies the 
solution with the amount of silver taken from it by the 
articles coated, that is to say, if aU circumstances have 
been favourable. 

When the articles are first placed in the bath, a suf- 
ficient surface of anode should be exposed (that is, 
immersed in the solution) to enable the goods to become 
whitish in the course of a few seconds. If they assume 
this appearance the very instant they enter the bath, 
the process is going on too quickly, and the articles 
will be liable to " strip/' I regulate the speed of the 
operation of electro-deposition almost entirely by the ' 
anode, and I prefer exposing a small portion of this 
electrode at first, until the goods are uniformly covered, 
when the anode is lowered, little by little, until suf- 
ficient is exposed to carry on the operation with requisite 
speed. But the state of the solution and the battery 
must also be carefully attended to. 

Large goods — ^for example, tea-pots, cruet-frames, 
tea-urns, &c., may be treated in the same way as spoons 
and forks, but care must be taken that no impression 
of the fingers be left on any of the plain surfaces, as in 
such case a roughness vrill occur at that part. 

Preparation of Old Work to be Plated.— 

Sheffield or Birmingham plated cruet, soy, and liquor 
frames, &c., from which the silver has worn off, should 
first have the bottom separated from the wire, either by 
unsoldering or unscrewing, as the case may be. The 
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bottom^ if it is very rougb, may be rendered smooth 
by means of emery cloth^ or pumice-stone and water, 
and emery cloth afterwards. It may be finished with 
water-of-Ayr stone. The cruet-frame wire may gene- 
rally be made smooth with emery cloth only. 

As soon as the parts of the frame are smooth, the 
edges, feet, &c., may be brushed with a hard brush and 
powdered Bath brick, until all the interstices are quite 
clean. If there be any verdigris on any part of the 
frame it may be removed immediately by applying a 
few drops of hydrochloric acid ("spirit of salf ) to the 
part. When the edges have been well brushed, the 
frame should be brushed all over in the same way, 
and it is then ready for the solution. But if the 
edges or mounts are lead ("silver edges ^' they are 
generally termed), it will be necessary to apply, with a 
rather soft brash, a solution made by dissolving four 
ounces of mercury in nitric acid, and adding about 
half-a-pint of cold water. This solution is to be lightly 
brushed over the lead mounts only; the article and 
brush are then to be well rinsed, and the brush and 
plain water again applied in the same way. The solu- 
tion of mercury wiU turn the edges black, or dark grey, 
but the subsequent brushing will render them bright 
again. The frame is now to be well rinsed ,and is 
ready for the depositing bath. If, on its first immer- 
sion, any black spots exhibit themselves, the frame 
may be removed, again brushed over, and finally re- 
turned to the bath. If the edges do not receive the 
coating of silver as readily as the other parts, the 
solution may require a little more cyanide, or strengthen 
the power of the battery, or by increasing the surface 

of the anode this may be accomplished. 

s 2 
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I have successfully coated these lead edges by apply- 
ing a solution of sulphate of copper a, with a little free 
sulphuric acid in it^ thus : — I dip one portion of the 

edge at a time in 
the solution of 
sulphate of cop- 




per, and with a 
piece of iron ft, 
I touch the lead 
edge Cy in solution, and this in an instant becomes 
coated with a bright deposit of copper. This is now 
rinsed, and the next part of the edge is treated in. the 
same' way, and so on. By this plan lead edges may be' 
coated with great faciUty and certainty of success. 

Generally, underneath the bottoms of cruet frames is 
a coating of tin; and as this metal is very troublesome 
to plate, unless in a solution made expressly for it, I 
prefer removing the tin, either by means of nitric or 
hydrochloric acid (the latter being rather a slow pro- 
cess), or with emery cloth and pumice; but nitric 
acid, employed with care, is the quickest plan. 

When it is wished merely to whiten an article with 
silver, the amount deposited being of no consideration, 
solution No. 4, described at page 44, should be used. Let 
us suppose that a time-piece dial be the object to be 
whitened. The dial is first cleaned with a brush in the 
ordinary way, until all the old silver (if any) is removed ; 
it is then rubbed with a piece of chamois leather and finely 
powdered Bath brick, slightly moistened; it is better 
to pass the leather over the surface in circles^ so as to 
render the face as uniform as possible and to prevent 
the deposit from being patchy. The dial is then to be 
rinsed in quite clean water and suspended 4n the bath. 
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If the finger has been allowed to touch the face of the 
dial^ it will be found that that part exhibits a dulness 
corresponding to the form of the skin of the finger^ and 
it will be necessary to rub the dial as before with the 
chamois leather. The dial should be supported by the 
edges only, A few minutes' immersion will be sufficient 
to whiten a dial. When done^ it is to be plunged into 
boiUng water, and allowed to dry spontaneously, or be 
placed in perfectly clean box saw-dust. 

Articles which are to be left with a dead- white sur- 
face^ may be prepared in the same way, but they 
require to remain longer in the bath ; in fact, till they 
assume the characteristic dead-white appearance. They 
are then to be placed in boiling water, and finally in 
box-dust, the latter being removed by means of a 
soft brush. 

When it is necessary to whiten goods very quickly, 
the solution may be weakened with hot water, and the 
temperature raised to about 130^ Fahr. The surface of 
anode exposed must be less than if the solution were 
to be worked cold. Moving the articles about in the 
solution occasionally, ensures uniformity and improves 
the whiteness by giving it a slight transparency. 

When any of the solutions have been in use for some 
length of time, their conductibility may be augmented 
by adding a little cyanide of potassium. After the 
first few days the solution generally works better than 
when newly made; therefore it is not advisable to 
make any alteration in it until it begins to work rather 
tardily, when the additional cyanide may be added. I 
have invariably found that a solution that has been 
worked for several years has given better results than 
one recently made, and I have never yet been com- 
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pelled to resupply the golution with silver; this is 
simply because I have taken care to woric with a suffi- 
cient mrface of anode, with battery power of feeble 
intensity, and with enough free cyanide in solution to 
cause the anode to yield as much silv^ to the bath 
as the plated articles have from time to time removed 
from it. 

Iron is by no means an easy metal to coat with 
silver. It may, however, be successfully plated with 
care. The iron article should first be well cleaned 
and rendered free from rust, either by rubbing with 
emery cloth, or by dipping it into a pickle composed of 

Snlphnrio acid 2 oimoef. 

Hydrochloric acid 1 onnoe. 

Water . • 1 gaUon. 

It may remain in this pickle until the oxide or rust 
becomes easily removable by a brush and wet sand. 
If it be found, on removing the articles from the pickle, 
that the oxide does not brush off easily, it should be 
returned to the pickle-bath. When the surface is 
merely rusty, strong hydrochloric acid alone will remove 
the rust and render the article at once clean and ready 
for the sand-brush. The articles when cleaned and 
well rinsed, may be placed in the alkaline solution of 
copper bath, described at page 86, and allowed to 
remain until they have received a slight coating ; they 
may then be rinsed and placed in the silvering bath; 
or the articles may be electro-brassed by any of the 
processes hereafter to be described, and then immersed 
in the pkting bath. 

It is better to deposit a coating either of brass or 
copper upon an iron surface, to insure success. Copper 
will adhere well to iron, but silver will not, therefore 
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copper acts the useful part of a '' go-between/' thereby 
preventing the disagreement that might arise were two 
metals, so antagonistic to each other as silver and iron, 
allowed to come in contact. 

The solution in which iron is to be plated should be 
weakened with about fifty per cent, of water. 

Britannia metal, pewter, and all combinations of 
lead and tin, are best plated in a solution containing a 
good deal of free cyanide. Deposition should be 
suffered to take place quickly at first, so as to insure 
the deposit going well all over the article. A larger 
surface of anode, also, must be exposed than would be 
required for German silver work — probably three times 
the surface. 

The battery power must be energetic, but not too 
intense. Two 4.gallon cells of the battery described at 
page 10 will be sufficient for objects of considerable size. 
Articles made of Britannia metal, &c., should not be 
disturbed while in solution. They may, however, *be 
shifted now and then so as to expose a fresh surface to 
the anode, for the sake of causing uniformity of deposit, 
but it is not advisable to let the solution be agitated 
more than is absolutely necessary. This caution, how- 
ever, is chiefly applicable to the period when the articles 
are first immersed in the bath. 

The goods may be prepared for plating by brush'- 
ing them over with silver sand and water, with a 
moderately hard brush, instead of the powdered Bath 
brick used for other metals. The articles may be 
cleansed from grease by placing them for a few 
minutes in a hot solution of caustic soda. 

If the articles, when they have been placed in the 
plating bath for a few moments, present an unequal 
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surface^ it is advisable to remove them^ and have them 
brushed over again as before ; then, after well rinsing, 
they should be quickly returned to the bath and 
allowed to remain without further disturbance if 
possible. 

The readiest mode of plating articles of lead, tin, or 
zinc, is to previously cover them with a film of brass, 
in the brassing bath : or with copper, in the alkaline 
coppering bath. Either brass or copper will adhere 
firmly to the surface of these metals, and the silver may 
be deposited on the coppered or brassed surface with 
perfect facility. After the articles have been removed 
from the copper or brass bath, they should be well 
scratch-brushed and rinsed before placing in the plating 
bath. 

When an article has been plated and is found to 
strip or blister in many places, it will be necessary to 
remo^ all the silver from the surface and plate it again 
m6re carefully. There are two kinds of blistering; 
the first is the non-adherence of the silver to the article 
coated ; the second, the blistering or doubling of the 
metal of which the article is composed. When the 
blistering is of the first kind, the article, after the 
silver has been removed by the process described below, 
may be rendered smooth with water-of-Ayr stone pre- 
vious to being replated; but if the metal itself has 
been blistered when the burnisher was applied to it, the 
blisters must be scraped, buffed, or filed down, and the 
surface made smooth in the ordinary way. 

The silver is removed (or '* stripped ^') from articles 
thus : — Put some strong sulphuric acid into a stone jar 
or enameled saucepan, and add a few crystals of nitrate 
of potassa (saltpetre). Apply heat until the nitrate is dis- 
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solved. When this solution is very hot the articles are 
to be immersed^ and occasionally moved about until the 
silver becomes entirely dissolved from the surface. The 
removal of the silver will become manifest by the metal 
beneath being exposed at the edges. The operation must 
then be closely watched in order to prevent the articles 
remaining longer in the solution than is absolutely 
necessary. If the above solution does not remove the 
silver quickly, more nitrate of potassa must be added 
from time to time, and the heat augmented if required. 

When a quantity of things have been stripped in the 
solution it will begin to work slowly, and a mass of 
crystals will be found at the bottom of the vessel as it 
cools. It will be better now to add a quantity of cold 
water to the solution, and to immerse in it some pieces 
of zinc, which will throw down the silver in a metallic 
state, but in minute crystals of a greyish colour. By 
dropping a little hydrochloric acid into the solution the 
operator will be able to judge whether all the silver is 
deposited or not. The acid will form a white precipi- 
tate so long as there is any silver in solution. When 
all the silver is precipitated, the supernatant liquor may 
be poured off carefully and fresh water added to wash 
the precipitate, which process should be repeated several 
times in order to render the silver as clean as possible. 
The pieces of zinc should be removed before the final 
washing of the silver. The silver may now be dried and 
put into a crucible (being previously mixed with a little 
dry powdered potaish), and heated in a furnace until all 
the metal is gathered into a button. During the process 
of fusion, a few crystals of nitrate of potash may be 
carefully dropped into the crucible. The silver thus 
obtained will be perfectly fine. 

2> 3 
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Or the silrer may be precipitated from the stripping 
solution by means of common salt, when chloride of 
silver will be formed, which may be dried and fused in 
the same way as above, previously being mixed with a 
little soda or potassa, to form a flux. 

The articles may be stripped in the plating bath, by 
suspending them in the place of the anode, but this 
plan is apt to injure the solution, by imparting to it a 
portion of the copper or other metal of which the 
article was made. Or the silver may thus be precipi- 
tated upon the end of a wire, enclosed in a linen bag 
to collect the small granules of silver which will fall 
from the end of the wire. A powerful current would 
strip the silver off in a very short time. A small 
quantity of solution containing excess of cyanide should 
be kept for this purpose alone. 

Deposition of Silver upon Non-Metallic Sub- 
stances. — Silver may be deposited in the same way as 
copper by the electrotype process, but as cyanide of 
potassium rapidly dissolves wax, it will not be advisable 
to employ moulds made of that material. Gutta percha 
is better, but even this substance is acted upon by cya- 
nide of potassium. Moulds made of fusible metal are^ 
however, more suitable for this purpose. When the 
cyanide solution of silver is employed for depositing 
upon or for copying non-metaUic substances, the bath 
should have at least six times as much silver as that 
required for the ordinary process of plating. 

A solution of nitrate of silver, if not too strong, will 
answer well for depositing upon plumbagoed surfaces, 
but this solution must not be employed for depositing 
upon copper or other metallic surfaces. 

The backs of copper moulds which are to be coated 
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with silver should be covered with some material to 
prevent the silver being deposited on those surfaces ; for 
this purpose it has been recommended to boil a little 
pitch in a strong solution of potassa^ which will form a 
sediment. Some of this sediment is added to a quan* 
tity of melted pitchi at which time a violent action 
ensues, white fumes being evolved. Allow this action 
to subside, and the resulting material will be ready for 
use. Melted gutta percha will also answer tolerably 
well for protecting the backs of metallic moulds. 

There are many other practical points in the electro- 
deposition of silver, which we deem it advisable, for the 
reader's convenience, to give in the form of an Appendix 
at the end of this work, to which he will prudently 
refer when desirous of practising the art of electro- 
plating, &c. 
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In importance, electro-gildi ngis second only to the 
art of electro-plating ; and it is carried on in much the 
same way. The solutions of gold, however, should be 
generally worked hot; hence the operation of gilding 
is conducted in a much shorter space of time than is 
required for plating. An article may be well and 
strongly coated in a few minutes, whilst it would require 
several hours to electro-plate an article well. 

There are many forms of solution in use amongst 
electro-metallurgists, all of them varying in the propor- 
tion of gold to the gallon of water, and in the amount 
of cyanide employed. These solutions are all of them 
easily made, and any of them can be well worked by a 
skilful operator. Some gilders use five or six penny- 
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weiglits of gold to the quart of solation — others as 
much as eight or ten dwts. ; but I have generally 
found that a solution containing less gold will give 
better results than one richer in the metal^ independent 
of the advantage in point of economy. I have observed 
that a bath containing five or six dwts. of gold to the 
quart of water, and the necessary proportion of cya- 
nide, and worked with several united cells of Smee's 
battery, has required a much larger surface of anode to 
be exposed to a given surface of negative electrode 
(that is, the article to be gilt) than would be required 
to gild an article in a solution containing one and a 
half dwt. to the quart of solution worked with a single 
cell of a constant battery. Hence I infer that the 
weaker solution is the better conductor of the two. 

Gold Solutions.— Solution L— T)issolve in a Flo- 
rence flask one pennyweight and a half of fine gold in two 
parts hydrochloric acid and one part nitric acid {aqua 
regid), applying gentle heat to accelerate chemical 
action. When the gold is all dissolved, pour the chloride 
of gold thus formed into a porcelain capsule and apply 
moderate heat until all the acid is evaporated. A red 
mass will result. It is advisable, when the acid is 
nearly expelled, to move the capsule round and round, 
60 that the liquid may be dispersed over a large surface 
of the vessel. It will be found that the liquid will cease 
to flow when the acid is expelled, at which period the 
operation is complete. If too much heat is applied the 
gold will become reduced to the metallic state, which 
may be known by the red mass acquiring first a yellow 
tinge, and next a gold bronze will be observed at the 
bottom of the capsule. In such a case it will be neces- 
sary to add a little more of the mixed acids in the same 
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proportion as before, which will at once redissolve the 
reduced gold. • • 

When the acid has been driven off the chloride of 
gold, about half a pint of cold distilled water is to be 
added, which will at once dissolve the chloride, forming 
a bright straw-coloured solution. Allow this to subside 
for a few minutes, as in all probability there will be a 
small amount of white precipitate at the bottom of the 
vessel, which is chloride of silver; the solution of gold 
must be carefully poured off from this precipitate, as it 
is soluble in cyanide of potassium, and its presence in 
the resulting solution may be prejudicial. A little 
distilled water may be poured into the capsule, to rinse 
away all the gold, taking care not to allow the sediment 
to come away with it, when transferring the rinsings 
to the solution of gold. 

A little strong solution of cyanide is now added, gra- 
dually, to the solution of gold, and the whole stirred with 
a glass rod. The gold solution will instantly lose its 
yellow colour. A brown precipitate is* formed by the 
solution of cyanide, and this solution must be added drop 
by drop until it produces no further effect upon the clear 
solution. The supernatant liquor is now to be care- 
fully poured off, and fresh water added several times to 
wash the precipitate of gold — taking care not to waste 
any of the precipitate nor to add more cyanide than is 
absolutely necessary. When the precipitate is suffi- 
ciently washed, more of the solution of cyanide is added, 
which will at once dissolve the precipitate, forming a 
clear solution. The cyanide should be added in excess, 
say about twice as much as may be required to dissolve 
the precipitate. The concentrated solution of cyanide 
of gold thus obtained is placed over the fire or on a 
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sand-bath until it is evaporated to dryness^ when it 
may be again dissolved in cold water and filtered for 
use. Lastly^ enough boiling distilled water is added to 
make one quart of solution^ and a little additional cya- 
nide added if the solution is found to work too slowly 
at first — but it is better not to use more cyanide than 
is necessary, otherwise the anode will become rapidly 
consumed and the gilding be of a " foxy '^ colour. 

Solution II> Dissolve one and a half dwt. fine gold 
as before^ and evaporate to dryness. Be-dissolve in 
half a pint of distilled water and precipitate the gold 
with ammonia^ taking care not to add more ammonia 
than is necessary. Four off the supernatant liquor and 
wash the precipitate as before. Now add sufficient 
cyanide of potassium to dissolve the precipitate. Evapo- 
rate to dryness, and re-dissolve with cold distilled water* 
The solution is then to be filtered, and distilled water 
added to make one quart. A little cyanide is to be 
added occasionally^ as required. 

Solution III. Dissolve one dwt. and a half as before, 
and when the half pint of solution of chloride is obtained, 
precipitate the gold with hydrosulphate of ammonia. 
A copious black precipitate is formed^ which must be 
allowed to subside^ and this substance then washed as 
before directed. Dissolve the precipitate with a lump 
of cyanide — say about half an ounce, or rather less ; 
and evaporate to dryness. Then add water to make one 
quart. 

Solution IV. Dissolve the same quantity of gold as * 
before, but without evaporating the acid. Add a 
quantity of calcined magnesia, which will precipitate 
the gold in the form of an oxide. To the oxide add 
sufficient concentrated nitric acid (applying heat at the 
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same time) to dissolve the magnesia^ when the oxide 
will be left in the form of a precipitate, which is to be 
well washed, and then solution of cyanide added to 
dissolve it as before. Evaporate and make one quart 
of solution with distilled water. 

Solution V. Dissolve one ounce of cyanide of potas- 
sium in one quart of nearly boiling distilled water. 
About half fill a ^^ porous ceU^' with the solution, and 
stand it in the vessel containing the bulk of the solu- 
tion. Attach a piece of sheet copper to the wire issuing 
from the zinc of the battery, and place it in the porous 
cell. Put a piece of sheet gold, attached to the copper 
of the battery by a wire, in the outer solution, and 
allow the whole to remain in action until the solution 
has acquired about one pennyweight and a half of gold, 
which may be ascertained by weighing the gold before 
and after immersion. The porous cell may now be 
removed and its contents thrown away. The solution 
is now ready for use. 

These solutions should be worked at a temperature 
of about 130° F., with one cell of a constant battery. 

The solution of gold may be heated either in an 
enameled saucepan, or in a glass vessel placed in an iron 
pan containing water. The operator now proceeds to 
arrange his battery. The wire which issues from the 
copper of the battery is to be attached to a piece of fine 
gold, which may coliveniently be done by soldering. 
The article to be gilt is to be suspended to the wire pro- 
ceeding from the zinc of the battery. 

Preparation of Articles to be Gilt.— Silver goods, 

such as cream ewers, sugar bowls, mugs, &c., should be 
well scoured inside with hot soap and water and silver 
sand, and if they are at all greasy, a little caustic soda 
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may be applied to them first. Or the mugs, &c., may 
be well scratch-brushed and then rinsed with boiling 
water. The insides only of these vessels are generally 
required to be gilt, in which case the outsides may be 
wiped dry before gilding. The negative wire (from the 
zinc of the battery) is to be attached to the handle of 
the vessel. The plate of gold is now to be carefully 

suspended in the centre 
of the mug, taking care 
that it does not touch the 
vessel; and the gold solu- 
tion may be poured into 
the mug by means of a 
jug or other suitable ves- 
sel, until it reaches the upper edge. If it is desired 
to gild the extreme edge, the solution may be guided 
over it with a piece of wood or glass rod. In about 
five or six minutes the vessel will be suflBiciently gilt, 
when the anode may be removed, the negative wire 
detached, and the solution poured into the bath. The 
article is at once to be rinsed with hot water, and may 
be scratch-brushed and burnished in the ordinary way. 
When cream ewers, &c., are so constructed that the 
solution will not reach the lip, &c., without overflowing, 
it is advisable to slightly tilt the vessel so as to cover 
as much of it as possible, and when it is gilt the lip may 
be dipped into a-little gold solution, being attached to 
the battery the while ; but in this case the outside of the 
lip will also receive a deposit. This may be prevented 
by coating the outer surface of the vessel with the com- 
position which we have already described, p. 59. Vessels 
which are to be gilt inside only, should be placed on a 
plate or dish to collect any solution which may run over. 
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Silver brooches, pins, rings, thimbles, egg, salt and 
mustard spoons, &c., merely require to be scratch- 
brushed before gilding. After they have received the 
required deposit, they are again brushed, and if the 
colour be a little too pale or too red, the articles should 
be immersed in the bath again for an instant, and then 
plunged into boiling water, when they will assume a 
beautiful fine gold colour. When weU rinsed in hot 
water, the articles are to be placed in box saw- dust, 
which may sometimes be advantageously kept hot for 
this purpose, in order to dry the goods as speedily as 
possible ; but care must be taken that the box-dust be 
not allowed to char or bum, otherwise it will stain the 
articles. 

Goods which are made of copper or brass entirely, 
may be dipped into nitrous acid {" fuming nitric acid " 
or '* dipping acid ") for a moment, and instantly plunged 
into clean cold water ; after which process they should 
be again rinsed in &esh water, and at once placed in 
the gilding bath. Or such articles may be merely 
scratch-brushed, rinsed, and then placed in the bath. 

If, when first put in the bath, copper or brass goods 
receive the deposit too quickly, the anode should be 
raised a little out of the solution, so as to expose a 
smaller surface, and the articles should be moved about 
a little, by which uniformity of deposit will be secured. 
In fact, it is advisable always to give the articles a gentle 
motion when first placed in the bath, until they have 
received a slight coating, when they may be allowed to 
remain steady until finished ; but when it is required 
to deposit a stout coating, it will be advantageous to 
move them occasionally, to prevent the deposit taking 
place unevenly. 
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When goods are made of either copper or brass^ 
with mountings of another metal, or if they have been 
previously plated or gilt, greater care must be observed, 
otherwise some parts will receive the deposit favourably 
while others will scarcely be coated at all. This applies 
more especially to goods which have mountings pewter- 
soldered upon them, which is frequently the case in 
common jewellery. In this case all the surfaces will 
receive the deposit but the solder, which, being a bad 
conductor of electricity, and more electro^negative than 
the other metal to which it is attached, will receive the 
deposit but tardily, if at all. I have frequently found 
that the smallest speck of pewter solder which has 
happened to be upon a brooch which I had to gild, has 
compelled me to deposit at least three times as much 
gold as the article required before I could cover the 
speck of solder; and in many instances not even then 
would deposit take place upon the offending spot. 
Having tried to amalgamate the solder with the gilt 
surface by means of nitrate of mercury, nitrate of silver, 
and both combined and alternately applied ; and having 
scratch-brushed the tardy spot until I was heartily sick 
of pewter solder and everything which it contaminated, 
I at last hit upon a plan by means of which I have ever 
since been enabled to gild pewter solder with ease and 
certainty. I placed a single drop of an acid solution of 
sulphate of copper upon the solder spot, and then 
touched it with a piece of steel : in an instant the solder 
and surrounding surface received a bright deposit of 
copper (which could be strengthened by repeating the 
operation several times). The moment the article was 
placed in the gilding bath the spot became coated ; in 
fact — copper being easier to gild than gold — this spot 
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received the deposit in preference, so that my difficulty 
was speedily and satisfactorily oyercome. Many electro- 
gUders, I ha^B no doubt, will find the above plan reUeve 
them from a considerable amount of annoyance. 
Generally speaking, however, whea the operator finds a 
difficulty in gilding pewter solder, it is owing to the 
bath requiring cyanide, or the exposure of a larger 
surface of anode ; or may be the battery power is weak. 

Instead of the above plan of coating pewter solder, 
the manipulator may put a drop of concentrated solu- 
tion of silver upon the solder, as before, and, on touch- 
ing the part with a piece of fine wire the solder will 
be coated with silver in an instant. I prefer the 
former plan, however, since copper receives the deposit 
of gold more readily than silver. 

In gilding cheap jewellery, French and Birmingham 
fancy goods, and articles which are not required to 
have more than a coloured surface given to them, I 
have found it an economical plan to gild with a copper 
anode^ and as the gold becomes exhausted from the 
solution, to add more gold from time to time, thus 
working from the solution instead of from the anode. 
By this arrangement, the operator is sure not to deposit 
more gold upon his work than is consistent with the 
scale of remuneration for doing the same. 

Generally, it is only necessary to scratch-brush this 
class of goods j then having rinsed them in boiling 
water, they are to be dipped into the solution for an 
instant ; a few seconds only being reqtiired to give the 
goods a beautiful colour. 

Silver filigree brooches, &c., must be well scratched, 
dipped in the bath for a moment and then rinsed and 
scratched again : on immersion in the bath the second 
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Ordinary floltxfaon 4 fluid ounces. 

Water 20 „ 

Cyanide of potassinm, about ... 2 drachms. 

This solution may be worked rather warm, but not so 
hot as the ordinary solution. Weak battery power 
should be employed, and small surface of anode, asid 
deposition must be allowed to take place wery slowly 
at first. 

Sy scratch-brushing iron or steel articles with 
vinegar or dilute hydrochloric acid, a very good and 
adhesive coating of copper may be obtained upon the 
surface of the article, but the employment of the latter 
must be done with caution or the operator's clothes may 
be injured ; a few drops of acid, however, to the pint of 
water is all that will be required. 

The best method of preparing steel or iron articles 
for gilding, is to coat them' with copper or brass in the 
same way as that recommended for plating these 
metals. Many steel articles^ which only require a 
trifling deposit of gold, may be gilt without any further 
preparation than merely rinsing them in hot water. 
The articles then receive a momentary dip in the bath, 
and, being sufficiently gilt, are rinsed in hot water and 
dried quickly in hot box-dust, or in an oven. 

Steel surgical instruments must be gilt with great 
care, in order that the edges be not rendered blunt 
by the operation. These articles should be placed in 
the bath without any preparation, as coating them with 
copper or brass, and then' gold, may involve too much 
handling. A slight deposit is all that is necessary to 
protect the steel instrument from rust or corrosion. 

Steel or iron keys should be first well scratch-brjished, 
dipped into the bath for a moment, and then brushed 
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again; lastly^ allowing them to remain in the bath 
until sufficiently coated. These may be finished either 
by burnishing or polishing. 

BIiECTBO-PEPOSITION OP BBASS AND BBONZB. 

It is far more difficult to deposit an alloy of two or 
more metals than one only ; and this difficulty becomes 
greater when we require to deposit^ as an uniform alloy, 
two metals whose electrical conditions are of an oppo^ 
site character, as zinc and copper. From a solution 
consisting of zinc and copper in the proportions to form 
ordinary brass, it is easy to deposit the zinc alone, or 
the c^per al^ne, by increasing or diminishing the 
power of the current, or by raising or lowering the 
anode ; that is to say, by increasing or diminishing the 
surface of anode exposed to a given surface of object to 
be coated. 

The difficulty in regulating all circumstances, so that 
an uniform result might be obtained by the operator, 
and so that the process of electro-brassing might be 
depended upon, has, in many instances, caused this 
useful art to be abandoned altogether by the manu- 
facturer. 

Many processes of electro-brassing hare been pub- 
lished and patented in this country and on the 
continent, but all of them hare the disadvantage of 
being more or less troublesome and uncertain to 
manage, even though the operator be a person well 
skilled in electro-deposition. But I think that several 
of these processes may be rendered commercially 
valuable if the solutions in the first instance are mixed 
by persons acquainted with chemical laws. Again, 
there would be less liability to failure^ if the power of 
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the current employed was always regulated by the 
surface of goods to be coated ; the amount of anode^ 
also, being regulated by the same. If, on the contrary, 
the battery-power be too weak, or in excess, either the 
copper on the one hand, or the zinc on the other, will 
be deposited alone. 

In giving the various processes of electro-brassing^ 
I may inform the reader that several of them are 
patented, and consequently cannot be employed for 
commercial purposes without the permission of the 
respective patentees. 

I. De Salzede's Patent Processes. 

L 

Cyaxiide of potassium 12 parts. 

Carbonate of potassa 610 „ 

Salphate of zinc ^8 ,, 

CUoride of copper . . . . . . 25 ,, 

Nitrate of ammonia 805 ,, 

Water 5000 „ 

Dissolve the cyanide of potassium in 1 20 parts of the 
quantity of water above specified, and then dissolve the 
carbonate of potassa, sulphate of zinc, and chloride of 
copper in the remaining water, raising the temperature 
to about 150^ F. ; and as soon as the salts are well 
dissolved add the nitrate of ammonia, frequently 
stirring until the latter is dissolved. The solution may 
now be allowed to stand for a few days, in order that 
the sediment formed may become precipitated, when 
the clear liquor is to be drawn off, and is ready for use. 

n. 

Oyanide of potassium 50 parts. 

Carbonate of potassa 500 „ 

Sulphate of zinc 35 „ 

Chloride of copper 15 „ 

Water 5000 „ 
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This solution may be made up in the same way as 
No. 1. 

3. Bronzing solution. 

This solution is the same as No. 1^ excepting that 
^5 parts of chloride of tin are used instead of the 
sulphate of zinc. 

4. Bronzing solution. 

In this solution 1^ parts of chloride of tin are em- 
ployed instead of sulphate of zinc in the second brassing 
solution. This latter solution Salzede works at a tem- 
perature not exceeding 97° F. 

The above solutions are to be worked with a brass 
anode, and with an active battery of two or more cells 
— Bunsen^s battery being preferable to any other. 
The current of electricity employed in electro-brassing 
must have a brisk intensity — ^the quantity also being 
considerable. 

The above solutions work very well at first, but they 
soon get out of order, owing to the irregular action of 
the cyanide upon the brass anodes, which readily 
attacks the copper, whilst the zinc frequently remains 
upon the surface of the anode in the form of a white 
paste. Hence the character of the solution soon 
becomes altered. 

n. Brass Solution. 

Acetate of copper 5 ounces. 

Fotassa 4^ pounds. 

Sulphate of zinc 10 ounces. 

Liquid ammonia . . . . . . 1 quart. 

Cyanide of potassiuiu 8 ounces. 

Dissolve the acetate of copper, which should be pre- 
viously pulverised, in half a gallon of water. Add 
1 pint of the liquid ammonia, and then dissolve the 

B 
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sulphate of ziao in 1 gallon of water^ the temperature 
of which should be raised to about 180° F. When 
the zinc is dissolved^ add the remaining pint of liquid 
ammonia to the solution^ which should be well stirred 
immediately^ in order to insure its perfeet mixture with 
the sulphate of zinc. 

Dissolve the potash in one gallon of water. Lastly^ 
dissolve the cyanide of potassium in one gallon of hot 
water^ and then mix the ingredients in the following 
order : — The solution of copper to be added to that of 
zinc; now add the solution of potash and cyanide. 
Stir the whole well together^ and allow the mixture to 
digest for an hour or so^ stirring occasionally. Add 
water to make. altogether 8 gallons of solution. 

The above solution must be worked with active 
battery-power and a brass anode — milled brass being 
preferable. The anode should be well cleaned before 
immersion. A little liquid ammonia may be added 
from time to time^ and also a small portion of cyanide 
when the solution works slowly. The anode must be 
kept clean. I have also found it advantageous to add 
a little arsenious acid to the solution^ which improved 
the character of the deposit^ by rendering it brighter 
and less crystalline. The arsenious acid^ however, does 
not at first appear to make much difference, but after a 
while the improvement becomes manifest. I generally 
apply the arsenic by mixing it with a strong solution of 
cyanide of potassium. About one ounce to the above 
solution will be sufficient at first, and the quantity may 
be increased by degrees. 

III. 

Acetate of copper 10 pounds. 

M zino 1 pound. 

tf potMsa 10po«]^di. 
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Dissolve the above subdtftnces in 6 gallons of hot 
water^ and add Cyanide nntil a precipitate is formed^ 
which^ upon adding more cyanide^ becomes again dis- 
solved. An excess of cyanide must be added. ' The 
patentees of this process (Messrs. Bussell & Woolrich) 
use either a brass anode^ or one of brass and another 
of copper at the same time. 

IV. Bro&ze Solution of H. Brunei A Go. 

Chloride of copper 1 pouad. 

Oftrbonate of polAssa . . ; . . 25 pottbds. 

Biilphate of zinc 2 t, 

Nitrate of ammonia , . . . . 12} ,, 

The chloride is to be dissolved in half a gallon of 
water ; the carbonate of potlkssa in 6 gallons of water ; 
the sulphate of zinc is to be dissolved in half a gallon 
of hot water. These three solutioils are to be mixed 
together. Now add the nitrate of ammonia, and blend 
them all together by stirring well for a few minutes. 
Make about twenty gallons, by adding cold water. 

This solution is to b6 worked in the same way as 
either of the above. 

The above solution inudh resembles ^M. Salzede's 
process, and is {irone to get out of order owing to the 
fact that the aiiode does not supply the solution with 
metiQ as fdst as it is depifiVfed df it by the articles 
coated. Unless the solvent employed will readily attack 
and dissolve the zinc of the anode, the solution must 
soon lose its proportion of this metal. The liquid aili- 
monia used in one of the above processes seems to 
efifect this more satisfactorily than an excess of cyanide. 
I have invariably found that in any of the above pro- 
cesses, the employment of a liberal amount of liquid 

atnmonia has kept the anodes clean, and enabled the 

s 2 
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solution to give better results in every respect. The 
white salt of zinc formed upon the surface of the anode 
is soluble in this menstruum, but sparingly so in cyanide 
of potassium. The ammonia and cyanide being in the 
solution in abundance, will keep the anode clean, without 
which the action soon ceases altogether. 

V, Newton's Process consists in forming solutions 
for depositing alloys of copper, tin and zinc, and also, 
for depositing brass and bronze. 

The patentee mixes chloride of zinc with chloride of 
ammonium, sodium, or potassium dissolved in water. 

Acetate of zinc in solution mixed with acetate of am- 
monia, potassa, or soda. 

In making up a brassing solution, Newton adds to 
either of the above solutions a proportion of a corre- 
sponding salt of copper — for instance, with the acetate 
of zinc he would unite the acetate of copper, and so on. 
He employs various other salts of zinc, with the corre- 
sponding copper salt, for the same purpose. 

In making a bronzing solution Mr. Newton dissolves the 
double tartrate of copper and potassa, and double tartrate 
of the protoxide of tin and potassa, with or without the 
addition of caustic potassa. He deposits an alloy of 
zinc, tin and copper, by using a solution composed 
of the following substances : — double cyanide of copper 
and potassium; zincate of potassa and stannate of 
potassa; the zincate of potassa he forms by fusing 
oxide of zinc with caustic potassa, and the stannate of 
potassa either by fusing oxide of tin with caustic potassa, 
or by dissolving it in a solution of potassa. 

For an electro-brassing solution the patentee employs 
a solution composed of a given quantity of oxide of 
copper, dissolved in an excess of cyanide of potassium ; 
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oxide of zinc and a little liquid ammonia are then 
added, and the solution heated to 120° Fah., to 140° Fah. 
Water is then added, in sufficient quantity to allow the 
solution to contain about 3 oz. of the oxides to the 
gallon — L e., 2 of zinc to 1 of copper to form brass. 

VI. Brassing Solutions. 

I. 

Cyanide of potassium 1 pound. 

Carbonate of ammonia 1 »> 

Cyanide of copper 2 onnceB. 

,, zinc 1 ounce. 

Dissolve in one gallon of water. The temperature to 
be raised to 150^ Fah. 

IL 

Cyanide of potassinm 1 pound. 

Carbonate of ammonia ^ »> 

Dissolve in one gallon of water. Attach a large brass 
anode to the. positive wire of a battery, and apply a 
small surface of cathode or negative electrode — say a 
strip of brass. The temperature should also be 150° Fah. 
By this arrangement the anode dissolves, supplying the 
solution with metal. The exact quantity which the 
solution has taken up may be ascertained by weighing 
the anode before and after immersion. 

VII. Brunei gives another formula for a brassing 

solution : — 

Carbonate of potassa 10 pounds. 

Cyanide of potassium 14 pound. 

Sulphate of zinc ^i tt 

Chloride of copper ...... 10 ounces. 

Water ...*...• 12i gallons. 

The best way of making up the above solution is to 
dissolve all the ingredients in separate vessels ; then to 
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add to the sulphate of siuc and chloride of copper a 
portion of the solution of earhonate of potassa. New 
add sufficient liquid ammonia to dissolve the respective 
precipitates at first formed^ when the solution of 
cyanide and the remainder of the earhonate of potassa 
may be poured in^ and water added to make altogether 
12i gallons. This solution must be worked with a 
large brass anode, and a brisk battery of two or more 
Bunsen^s cells. The solution should stand for some 
hours before using it, when it may be separated from 
any sediment which may remain at the bottom of the 
vessel in which it is made* 

The above solution will require to be replenished 
from time to time with a little cyanide of potassium 
and liquid ammonia, in order to keep the anode free 
from the white salt of zinc, which would otherwise form 
upon its surface^ Arsenious acid improves this solu- 
tion I and I have found that a little chloride of tiQ, 
dissolve^ in caustic potassa, tends to toughen the 
depeisit, - 

IroUj^ lead, ziuc, tin, P-nd alloys of lead, &c., will not 
all receive an equally good coating of brass if placed iu 
the bath at the same time. No two metals of diflferent 
characters should be immersed together; and, indeed, 
diflFerent solutions should be employed for each metal 
or -alloy. 

Cast iron requires a solution containing a greater 
per-centage of metal than zinc or its alloys ; whilst 
zinc will receive a good deposit when but little metal is 
in the bath. Lead also requires to be coated in a bath 
which is richer in the metals. 

In immersing in the bath two different metals, as 
cast-iron and zinc for instance, the zinc would receive 



BRASSING OAST-IROIT WOBF. 79 

the deposit at once, whilst the iron would not receire 
the smallest amount of deposit, and in striving to force 
the metal on the iron surface the operator may impair 
his solution. Even cast- and wrought-iron require to 
be coated in different baths. By observing this rule, 
the solutions are not so liable to get out of order. 

Again, iron and eino require different degrees of 
battery-power to effeot a good deposit upon them. A 
battery which would coat sine well would not cause the 
least deposit to take place upon cast-iron. 

Electro-brassing Cast-iron work.— In preparing 

cast-iron work for the brassing bath, it will be necessary 
first to make up a '^ pickle ** of the foUowing : — 

Sulphuric fUiid .••,... 1 pound. 

Water 20 pounda. 

The article is placed in the piekle, and allowed to 
remain until the oxide of iron has become loosened 
from the surface of the article, in other words, until a 
brash and sand will easily remove the oxide. If at 
any time the oxide is found to adhere firmly to the 
cast-iron surface, the pickling process must be con- 
tinued until it yields readily to the brush. 

When the work is very rusty, it may be first placed 
in a pickle composed of — 

HydrooUoao acid • . • * * . . Ipouad. 

Water 20 pounds. 

and any parts which may have a thick coating of rust 
may be cleaned by applying strong hydrochloric acid to 
the part, which readily dissolves the rust. It is better 
to remove the rust, as suggested, before immersing the 
whole article in the first pickle. Oenerally speaking, 
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from an hour to an hour and a half is sufficient time to 
remove the oxide of iron in the pickling bath. 

As soon as the articles are pickled^ they are to be 
well rinsed^ and are then to be laid on a boards placed 
over a vessel of water, called the '^ cleaning-board/' and 
are to be thoroughly cleaned with a hard brushy sand^ 
and water until the oxide is completely removed. The 
article is then to be rinsed in clean water^ and may be 
placed in a weak solution of potash or soda. It is now 
ready for the bath^ in which it may be suspended by a 
stout copper wire connected with the negative electrode 
of the battery. 

For most purposes I prefer using two cells of a 
Bunsen's battery^ consisting each of a cylindrical stone 

jar A fitted with a cylinder of zinc^ 
C, which must be well amalgamated 
and a copper wire attached to it. A 
porous cell B is placed in the centre^ 
and a bar of carbon D is put into the 
cell^ which is then filled with con- 
centrated nitric acid. Into the outer 
cell is poured a solution of. sulphu- 
ric acid, consisting of about 1 part 
of acid to 20 of water. A binding- 
screw is attached to the carbon^ and a stout copper 
wircj which is to be soldered to a brass anode. 

When the article has been immersed in the solution 
for a few minutes, a white foam will show itself at the 
point of the wire, in most instances, and frequently 
bubbles of gas will be seen to rise in various parts of 
the solution. In electro-brassing, generally, but little 
deposition takes place unless there is the evidence of 
chemical action alluded to. 
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As soon as the article has received the required 
coating — which, for ordinary purposes^ may be accom- 
plished in about two hours, with two cells of the 
battery just described, holding about four gallons in 
each jar — it is to be at once rinsed in hot water and 
then placed in hot saw-dust. For this purpose maho- 
gany saw-dust answers very well. When thoroughly 
dry, if it is required to bronze it, the article should be 
rubbed over with a leather and a little powdered pumice 
or whitening, in order to brighten those surfaces which 
are to look bright when the work is complete. Instead 
of bronzing it, the article may be cleaned and lacquered. 
The bronzing process is described at page 37. 

Electro-brassing Wrought Ironwork.— It is more 

Vasy to electro-brass wrought than cast ironwork, 
as it is less porous, and is in general much more smooth. 
The goods may be first pickled in the sulphuric acid 
pickle-bath, and then cleaned with a brush, sand, and 
water. The solution in which wrought ironwork is 
brassed need not contain quite so much metal as that 
for cast iron, and it generally does not require the 
exposure of so great a surface of anode. 

When the goods are placed in the bath, if the deposit 
appears of too red a hue, rather more anode must be 
exposed ; if, on the other hand, the work is pale, less of 
the anode should be immersed. The surface of anode 
will generally regulate the colour of the deposit. 
Wrought ^iron receives the deposit more readily than 
cast iron, consequently it need not remain in the bath 
quite so long as the latter. 

Electro-brassing Articles of Zinc. — Goods of this 

description should first be placed for a quarter of an 
hour or so in a pickle consisting of : 

E 8 
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Snlphiurie acid ..... 4 1 oviMe. 

Hydrochlorlo add 2 oonoQ^ 

Water 1 galloxL 

The articles may then be rinsed in clean cold water, 
and, being placed on the cleaning board, they should 
be scoured well with a hard brush, sand, and water. 
Zinc goods, if the battery and bath are in good working 
order, will receive the deposit immediately on being 
immersed in the bath ; when the reverse is the case, 
however, either the solution is deficient in conducting 
power — in which case add fresh cyanide and liquid 
ammonia — the battery is weak, or the surface of anode 
must be increased* The goods, when suflSciently coated, 
are to be rinsed in hot water, and then placed in hot 
mahogany saw-dust; it is important that the articles 
should be well rinsed. This class of work may be 
bronzed or polished and lacquered. 

Electro-brassing Lead and Pewter Articles. — 

Lead does not receive the deposit so favourably as zinCj^ 
but pewter receives it tolerably well. They may, how- 
ever, be both coated in the same bath without harm. 
Lead should be pickled in a dilate solution of nitric acid, 
say a mixture containing about four ounces of nitric 
acid to the gallon of water. The same pickle will do for 
pewter work. The goods may remain in the pickle for 
half an hour, when they are to be well rinsed and scoured 
with sand as before ; lastly, rinsing in clean water. A, 
good surface of anode should be exposed, more especially 
when the articles are first put into the bath. If the 
battery power is not ample, lead is very apt to become 
coated in ^flr/*, owing to its being a very indifferent 
conductor of the current. 

In brassing lead and pewter, it is advisable to raise 
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the tempeYftture of tbe bath to about 90^ Fahr.^ when 
this ean he done conyementlj. The same observation 
applies to coating tin with brass. 

When a brassing solution has been worked for some 
time^ it is liable to deposit either copper or zinc only-^ 
generally speaking the fbrmer. The principal cause of 
this is that the solution has not the power of dissolving 
the brass anode equalfy^ the copper in the alloy being 
readily attacked by the cyanide and consequently enter- 
ing tbe solution^ whilst the ainc^ being liable to be con- 
verted into an almost insoluble salt, either remaiins on the 
anode in the form of a white mass, or feBs to the bottom 
of the bath, but a small portion of it entering the solu- 
tion ; consequently the latter, instead of depositing the 
yellow aBoy, deposits only, or chiefly, copper. When 
the bath is thus found to 'work unfavourably, it will be 
necessary to add a little more concentrated solution of 
zinc; but sometimes I have found that the addition of 
a lai^e quantity of Kquid ammonia to the bath has 
dissolved a considerable portion of the zinc precipitate 
from the anode and from the bottom of the vessel, and 
thus the bath has become restored to its proper con- 
dition. When adding the liquid ammonia — ^which should 
be the strongest which is made — ^^it is as well to add a 
little additional cyanide. 

The bath may also be restored by separating the clear 
solution from the precipitate which has fallen to the 
bottom of the vessel, and by then treating the latter 
with liquid ammonia and cyanide, which will dissolve 
the greater portion of it. This is the best plan when 
it is practicable. The solution thus formed may be 
added to the bulk of the solution, which will then work 
well again. Therefore, whenever the anode assumes 
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the white appearance referred to, liquid ammonia or 
cyanide, or both, must be added, otherwise copper only- 
will be deposited. 

Sometimes the bath will become deprived of both 
zinc and copper, in consequence of the anode not keep- 
ing up the supply in the solution. When this is the 
case, a strong solution of brass should be added to the 
bath : in fact, a supply of concentrated brass solution 
should always be kept on hand to be thus employed in 
case of emergency, for the best solutions are apt to 
become deprived of metal after being worked a good deal. 

Electro-deposition of Platinum.— A solution of pla- 

tinum may be made by dissolving a piece of the metal in 
two parts of hydrochloric acid and one part nitric acid, 
over a sand bath. The acids must both be very strong, 
or the metal will not yield to their action. When the 
platinum is dissolved, the acid should be expelled in the 
same way as that recommended in forming the chloride 
of gold. A reddish mass will be obtained, which is the 
chloride of platinum. A little distilled water is now 
added to dissolve the chloride, into which put a small 
lump of cyanide, which will at first precipitate and then 
re-dissolve the platinum. The solution should have 
about five dwts. of metal to the quart. In working it, 
the solution should be warm. It is better, however, to 
filter before using the platinum solution, to remove the 
impurities with which the cyanide is contaminated. 

The battery power employed for depositing platinum 
should be rather weak, or the metal will be thrown 
down in the form of a black powder, possessing but 
little resemblance to the metal itself. 

As a platinum anode will not be acted upon by the 
cyanide, the solution will, of course, soon yield the metal 
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of which it was composed ; therefore, it will be necessary, 
from time to time, to add fresh chloride of platinum to 
keep it in working order. If it is desired to coat an 
article strongly with platinum, it will be necessary to 
keep on adding chloride of platinum to the solution 
every now and then while deposition is going on, until 
the object is accomplished. This of course renders the 
process of electro-platinising not only expensive but 
tedious ; and, for general purposes, impracticable. The 
cyanide will hold but a small quantity of platinum in 
solution. 

Palladium may be somewhat more readily deposited 
from its solution than platinum. The metal is to be 
dissolved in nitro-hydrochloric acid in the same way 
as above. The solution is next to be treated with cya- 
nide, which will precipitate the metal, and finally re- 
dissolve it. The solution may be worked warm. 

The palladium anode will be acted upon by the 
cyanide, consequently the operator may deposit the 
metal to any desirable extent. There is, however, but 
little importance attached to the deposition of this 
metal. 

Leadt — ^A solution of lead for the purposes of electro- 
deposition, may be formed by dissolving the acetate 
or nitrate of lead in water. By employing the solution 
in a rather weak state, with moderate battery power, 
lead may be deposited with ease, but the deposit from 
these acid solutions is of a very indiflFerent quality. An 
alkaline solution may be made by precipitating the lead 
from either of the above solutions, either with soda, 
potassa, or ammonia, and then re-dissolving with cya- 
nide, but the solution is only fit for experimental 
purposes. 
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Nickel raaj be easily deposited. IKsselye the metal 
in nitrie acid. Expel the acid by heat, as before. Now 
add cyanide, which precipitates the nickel^ and then 
re-dissohres it. The solution is now ready for use. An 
anode of nickel is employed, with moderatj^ battery 
power. 

Or the nickel may be precipitated from its aeid solu- 
tion by potassa, soda, or ammonia. "Wash the precipitate 
and then dissolve with cyanide of potassanm. 

Iron may be deposited from a solution of the sul- 
phate of iron (copperas), to which a little free siilphnric 
acid has been added. 

This metal may also be precipitated from the solution 
of sulphate, with an alkali, and again dissolred in 
cyanide ; but the deposition is not of any practical 
vahie. 

Antimony, Bismuth and Cadmium.— These metals 
may be deposited from an acid or alkaline solution. If 
the latter, cyanide is employed as the solrent. 

Tin. — Although it is somewhat diffieult to form an 
alkaline solution of this metal, yet this may be done 
with carcj there is but little practical importance, 
howeyer, attached to the deposition of this metal. 
Some of the salts of tin are soluble in liquid ammonia, 
caustic potassa, or caustic soda, and the metal may be 
deposited from either of these solutions : the addition 
of a little cyanide seems to favour the rapidity of the 
deposit. 

Tin may also be deposited from an acid solution, the 
protochloride, for instance; and a very beautiful effect 
is produced by bringing the anode and eathode within 
an inch of each other, in which case a fine mass of 
crystals of tin will start out from the negative pole. 
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approach the positive pole^ and gradually asaume many 
beaulifal and eeeentric forms. The slightest motion 
causes the crystals to fall fh>m the electrode. 

Zinc. — Many persons have tried to deposit this metal 
from acid solutions — more especially from a solution of 
the sulphate — but for all practical purposes the pro- 
cesses have been a failure. The principle of depositing 
metals upon each other in an acid solution is bad^ 
owing to the fkct that the metal, when coming in con^ 
taet with the acid solution, generally becomes acted 
upon without the aid of the battery. 

In 1855 1 patented a process fbr depositing rinc from 
an alkaline solution, which gave exceedingly beautiful 
results, and the metal deposited thereby was tough, 
reguline, and otherwise well suited to many practical 
purposes. As I believe the process is susceptible of 
many practical applications, it will be found fully 
described in the subjoined 

SPSCiPICA.VIOiN'. 

My Invention consists, firstly, in fbrming a solution 
for the purpose of coating iron or steel with zinc by 
galvanic agency. To form the solution I proceed as 
follows : — I dissolve iOO ounces of commercial cyanide 
of potassium in twenty gallons ef water (rain-water or 
distilled water being preferable) in a suitable vessel; 
I then pour into this solution 80 ounces by measure of 
strong liquid ammonia (of the Specific gravity of '880 I 
prefer). Having stirred these compounds together, I 
place several large porous cells, such as those used 
in DanielPs batteries, in this solution, and pour 
into each of the porous cells as much of a strong 
solution of a cyanide of potassium (say, about 16 ounces 
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to the gallon) as will be equal to the height of the 
solution in the larger vessel; I then attach several 
pieces of metal, copper or iron by preference, to pieces 
of copper wire, which are then to be attached to the 
negative pole of a galvanic battery. These pieces of 
copper or iron are to be placed in the porous cells. I 
next attach a piece or several pieces of zinc to the 
positive pole of the battery, and I then immerse these 
pieces of zinc in the solution of cyanide of potassium 
and ammonia. For the above purpose I prefer using 
good milled zinc, the weight of which is to be ascer- 
tained before immersion; and I think.it better to 
^' pickle'^ the zinc slightly, previous to immersion in 
the cyanide solution, with dilate hydrochloric acid, after 
which process it should be well rinsed in clean water. 
The galvanic battery is now to be set in action, and 
allowed to continue in action on the above materials 
until the solution of cyanide of potassium and ammonia 
has taken up about sixty ounces of zinc, that is to say, 
about three ounces to the gallon of solution* 

As soon as the pieces of zinc have been weighed to 
determine the amount dissolved into the cyanide solu« 
tion, I dip them into dilute hydrochloric acid, and then 
rinse them, when they are placed aside for future 
operations, if necessary ; the porous ceUs are then to 
be removed. I now dissolve 80 ounces of a carbonated 
alkali (I prefer the carbonate of potassa) in a portion of 
the above solution, and when dissolved I add it to the 
original solution, and stir the whole together for a few 
moments, after which I allow the solution to stand 
undisturbed until the sediment formed has subsided ; I 
then transfer the clear solution to another vessel, when 
it is ready for use. 
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The above solution may be made in a more concen- 
trated form, say, with half the quantity of water, and 
it may be diluted down to the required strength by 
adding more water when wanted to be worked. I 
prepare cast or wrought iron or steel to be coated with 
the above solution in the following manner, having 
first made a pickle composed of, — 

Sulphuric acid 1 pound. 

Hydrochloric acid in 

Water 2 gallons. 

The articles to be coated are first plunged into the 
above pickle, and allowed to remain until the oxide of 
iron is easily removable with a brush, sand, and water. 
As soon as the articles are sufficiently pickled, they are 
to be rinsed in clean water, and are then to be cleaned 
with a hard brush, sand, and water ; and any oxide which 
may not have been quite removed by the pickle may be 
scraped or otherwise removed, or the article be returned 
to the pickling bath until these parts yield to the brush 
and sand ; or the iron or steel may be cleaned by the 
processes ordinarily used at the '^galvanised iron works.'' 
When the articles to be coated are quite free from oxide, 
they are to be well rinsed in clean water, and immedif 
ately placed in the zincing bath, in connection with the 
negative pole of the battery. 

As soon as the articles have received a slight coating 
they should be removed from the bath and examined, 
in order to ascertain if there are any parts remaining 
unclean, in which case those parts should be cleaned, 
and the whole article once more brushed all over as 
before and then returned to the bath, where it is to 
remain until sufficiently coated. It is as well, however, 
to move the article about in the solution occasionally. 
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in order to insure an nniforin deposit. As soon as the 
articles are sufficiently coated they are to be remored 
firom the bath and rinsed in clean water (hot water being 
preferable)^ and they may then be placed in saw-dust to 
dry them. The articles may be rendered bright either 
by means of the scratch-brushy or by gently soooring 
with silver sand^ water^^ and a soft brush. When the 
above solution has been in iise some time it will be 
necessary to add occasionally a little cyanide of potassium 
and liquid ammonia^ so as to keep the solution at as 
near as possible the original strength ; and if the solu- 
tion^ from being worked with too small a surface of 
positive electrode; or from other causes has become 
dej^irived of a portion of its ainQj I place in the solutioa 
(by auspension or otherwise) sevciral porous ecdla^ which 
I fill with strong solution of eyauide of potaasium, and 
into which I put pieces of copper or iron as hefioape^ in 
connection with the negal/ive pole of the battery, and 
the zine electrodes I attach to the positive p<de of the 
battery, by which means I am enabled to keep up the 
strength of the solution, ^e above solution is to be 
worked with zinc electrodes (milled sine being prefer* 
able), and it will be necessary in coating flat surfaces 
espeeially to place a piece of zine on each side of the 
article to be coated ; for instance, if sheets of iron are 
to be coated, they are to be placed in the solution 
alternately, that is to say, sheet zine, sheet iron, sheet 
zinc, and so on, (the sheets of iron and zine exposing 
abofut the same area of surface,) otherwise the surface 
oppo^te the zinc electrode will receive the greatest 
amount of deposit. I prefer using a battery which 
yields a considerable quantity of electricity, and the 
action of which can be maintained for a considerable 
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time without losing its power^ hj whieh means I not 
only secure a good deposit^ but uniform results. The 
battery which I prefer is that known as Bunsen's 
battery^ or a battery composed of carbon and sine ele- 
ments. Two or more 4-gallon cells of this battery may 
be used when lai^e articles are to be coated^ or when a 
considerable quantity of work is to be done in the bath 
at one time. When cast or wrought iron or steel has 
beeome much rusted^ it may be cleaned with strong 
hydToehloric aold^ or with a strong piokle oomposed of 
hydroehloric acid and water^ but it must not be allowed 
to remain too long in this piekle^ or the iron or steel 
wiD be acted upon. 

Articles of cutlery may be coated by the above pro* 
cesg to preserve them from oxidation or rust in damp 
climates or during sea voyages^ See., and as they will 
only need a slight coating for this purpose, they will 
not require to remain long in the bath. In pickling 
bright steel articles, I should not recommend the use 
of any hydrochloric acid. 

Eldetr<i*4epo8itloii of Alloys of Metals.— Besides 

the metals already referred to^ I have succeeded in 
depositing an alloy of oopper and nickel, forming a 
very good quality of German silver, by dissolving 
Germi^Q silver \n. nitrie acid, precipitating with an 
alkali> and re-dissolving with cyanide of potassium. 

Silver and gold-^for^^ing what jewellers term '^ green 
gold'^ — ^may also be deposited by adding to a solution 
of geld a small quantity of solution of silver, but the 
solution must be worked hot, and with weak battery 
power. Copper and gold may also he deposited together 
in the same way. However, the only alloy which seems 
to have much practical value in it is that of brass, and 
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an extensive manufacture is now being carried on in 
this art both in England and on the continent. 

I trust that the reader iinll find in the foregoing 
pages sufScient practical matter to enable him to work 
the various processes described with facility and cer- 
tainty of success. I have endeavoured to divest the 
details of any unnecessary technicality^ and to give each 
process with as much conciseness and simplicity as 
possible^ in order that the student might at once arrive 
at the readiest mode of setting to work. Those pro- 
cesses which I have dwelt fiilly upon^ are those which I 
have found most practicable and economical^ and conse- 
quently more likely to succeed in the hands of the 
uninitiated. 

I propose giving, in the form of an appendix^ a few 
practical memoranda^ which I hope may prove equally 
serviceable to the beginner and the practical electro- 
metallurgist. 

APPENDIX. 

1, — In dissolving gold in aqtm regia (two parts hydro- 
chloric acid and one part nitric) care must be taken 
that the acids are pure^ and that the gold be perfectly 
finej or at least not inferior to sovereign gold. 

2. — If the operator requires to dissolve gold of 
inferior quality, for the purpose of making his gold 
solution, he should first treat the gold in the following 
manner : — To one ounce of alloyed gold of the same 
quality as that which ^^ colored '^ gold chains are made 
of, add two ounces of silver. These are now to be 
placed in a crucible and melted in a furnace, a little 
borax being added as a flux. As soon as the alloy is 
thoroughly melted, it should be poured into a deep 
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vessel of cold water (kept well stirred in a circular 
direction all the time)^ and thus it will become ^^ gra- 
nulated^'^ as it is termed. The granulated metal is now 
to be removed^ and placed in a Florence flask^ and to 
be treated with one part nitric acid and two parts 
water; This is allowed to digest for an hour or so ; 
applying gentle heat when the chemical action dimi- 
nishes in vigour. The nitric acid will remove all the 
copper and silver from the gold^ which latter will 
remain at the bottom of the flask in the form of a dark 
brown irregular mass. The acid, which will have 
acquired a green colour^ may now be poured into a 
separate vessel. It will be well to add a little fresh 
acid to the gold^ applying heat as before^ in order to be 
sure that all the copper and silver have been removed. 
K the add does not produce chemical action (which 
may be seen by the absence of red fumes in the body 
of the flask)^ the operation is complete. The gold is 
now to be washed well with hot water^ and the washings 
are to be added to the first solution which was poured 
from the flask. The gold in its present state may be 
dissolved with nitro-hydrochloric acid^ and thus con- 
verted into chloride ; or it may be dried^ mixed with a 
little dry potash^ and fused in a crucible. When 
melted, the gold may be granulated^ or poured into an 
ingot. 

The solution of nitrate of silver and nitrate of copper 
formed above^ may be thus treated^ in order to collect 
the former : — ^Put into the vessel containing the green 
solution a piece of stout sheet copper. In a few moments 
the silver will begin to deposit itself upon the copper, 
and by continuing the process for some time — adding a 
gentle heat^ the whole of the silver will eventudly 
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cesses whicfc ^ ^ ^'i '"^ ^^^^ ^^^^^ and 
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quently ^""^ ^^ ^^^^'^ ^^^^ fro'^ the above 

iminit? -^^^ ^^^ ^^^®^ ^* extracted, by immersing in 
I r ,(,iution a few pieces of iron, but it is never worth 
pr» uilU^ ^^ *^^® except for experimental purposes. The 
sr Jtftiofl> bowever, may be used with the sulphate of 
' jjjpper batteries. 

g^ Sometimes, when gilding the insides of mugs, 
^^k»rd«, ftc, which are richly chased or embossed it 
^11 be found that the hollow parts do not receive the 
deposit at all, or very partially* When this is the case 
the article must be rinsed and well scratch-brushed^ and 
a little mpre cyanide added to the solution. The anode 
should be slightly kept in motion and the battery power 
increased until the hollow surfaces are coated. Fre&uent 
scratch-brushing aids the deposit to a great extent bv 
imparting a slight film of braiss to the surface. ' 

4. Silver filagree brooches and articles which have 
been aimealed and cannot be scratched bright, owing to 
their peculiarity of constructioid, are frequently trouble- 
some to gild, for the roligh surfaces caused by the fire 
in the process of annealing, are indifferent conductors 
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pasted. "*- 

Q^ When a gold solution has been worked fbu i^i 
titae it becomes contaminated with organic mutter, i^ \ 
the deposit is of an inferior colour in consequence. ^^ 
this case, I have observed that the solution may \j^ 
restored to good working condition by evaporating it to 
drm^ss, and then adding distilled water to re-dissolve 
. j^ little cyanide should then be added, and the 
'lutioU filtered for use. The heat required to evaporate 
lutioo to dryness does not, as many people suppose^ 
air the solution, or decompose it; it merely appears 
- ^ A^sttoy the organic matter and to prevent its influence 
; , 'workins of the solution. 

^^ -r^ l^ sometimes found impossible to make a gold 
1 t'on vroik well which has been in use for some yeafs, 
^^ ^i^poration to dryness failing to restore it. It is 
•^^ ^ ^ better and more economical to abandon it 
there ^^ ^^ make another. The gold from old solu- 
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become precipitated in the form of minute crystals. In 
order to ascertain whether all the silver is thrown down, 
pour a little of the green liquor into a wine glass^ and 
drop in a little hydrochloric acid^ which, if any silver be 
still present in the solution, will form a white precipi- 
tate. If, on the contrary, no precipitation takes place, 
the g^een solution may be poured off and thrown aWaj. 
The silver is to be washed several times, to free it firom 
the copper, and when the last washings pass off clear, 
the silver may be dried and melted, with a little potash, 
in a crucible ; or it may be dissolved in iiitric acid and 
used for making a plating solution. 

The copper may be thrown down from the above 
solution, when the silver is extracted, by immersing in 
the solution a few pieces of iron, but it is never worth 
while to do this except for experimental purposes. The 
solution, however, may be used with the sulphate of 
copper batteries. 

3k Sometimes, when gilding the insides of mugs, 
tankards, fcc, which are richly chased or embossed, it 
will be found that the hollow parts do not receive the 
deposit at all, or very partially. When this is the case, 
the article must be rinsed and well scratch-brushed> and 
a little mpre cyanide added to the solution. The atlode 
should be slightly kept in motion and the battery power 
increased until the hollow surfaces are coated. Frequent 
scratch^brushing aids the deposit to a great extent, by 
imparting a slight film of brass to the surface. 

4. Silver filagree brooches and articles which have 
been aimealed and cannot be scratched bright, owing to 
their peculiarity of construction, are frequently trouble- 
some to gild, for the roUgh surfaces caused by the fire, 
in the process of annealing, are indifferent conductors 
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of the current. It will therefore be adrisable to scratch- 
brush the articles as far as practicable^ and to add a 
little more cjanide of potassium to the solution in which 
this class of work is to be gilt. The article must be 
constantly moved about, in solution^ until coated all 
over. The battery-power should be brisks 

6. When articles gild a ^^foxy^' colour, as it is termed, 
this is either owing to the presence of too much cyanide, 
excess of battery power, or exposure of too large a sur- 
face of anode. When this defect shows itself, raise the 
anode a little and keep the article in motion while in 
the bath, or remove the anode altogether and move the 
work about in the solution for a few seconds. This will 
generally remedy the defect. The power of the current, 
however, should be diminished, or the anode will become 
wasted. 

6« When a gold solution has been worked fbt a long 
time, it becomes contaminated with organic matter, and 
the deposit is of an inferior colour in consequence. In 
this case, I have observed that the solution may be 
restored to good working condition by evaporating it to 
dryness, and then adding distilled water to re-dissolve 
it. A little cyanide should then be added, and the 
solution filtered for use^ The heat required to evaporate 
a solution to dryness does not, as many people suppose^ 
impair the solution, or decompose it; it mei'ely appears 
to destroy the organic matter and to prevent its influence 
in the working of the solution. 

7. It is sometimes found impossible to make a gold 
solution work well which has been in use for some years, 
even evaporation to drjmess failing to restore iti It is 
therefor^ better and more economical to abandon it 
altogether and make another. The gold from old solu- 
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tions may be recovered by means of the battery, or by 
precipitating the gold with acid. If the former plan is 
adopted, a piece of copper should be attached to the 
negative pole of the battery, and another piece (as an 
anode) be attached to the positive pole. When the 
battery has been in action for some time, the gold — or 
at all events the greater part of it — ^will be deposited 
upon the negative pole, from which it may be removed 
by mechanical means, or by dissolving it off with nitro- 
hydrochloric acid. If it is preferred to throw down the 
gold from the solution with acid, the solution must be 
placed in a large vessel in the opeii air, as the fumes 
which will arise are highly deleterious if breathed, and 
sulphuric acid poured in carefully until no further effer- 
vescence takes place. The precipitate formed should be 
allowed to subside, when the clear liquor may be poured 
off and thrown away. The precipitate may be washed 
with hot water ; after which it may be dried, mixed 
with a little potash, and fused in a crucible until the 
gold is gathered into a button. The operator will 
seldom find that he can recover nearly the amount of 
gold that he put into the solution ; owing to the irre- 
gularities of working, the solution becomes deprived of 
a considerable proportion of gold, and I have frequently 
found that old solutions will yield scarcely any metal 
worth speaking of. 

8. In gilding, if a copper and a silver article be 
immersed in the solution together, the copper article 
will receive the deposit first, and the silver article will 
be troublesome to gild sometimes under such circum- 
stances ; and in trying to force the gold upon the silver, 
probably the copper article will receive the deposit so 
quickly that it will be liable to strip off when scratch- 
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brushed. The silver article, therefore, should be placed 
in the solution first, and when it is coated, the copper 
one may be suspended by its side. 

9. Each metal to be gilt plated or brassed, should 
have a solution for itself, otherwise the bath in which 
several different metals have been coated, will become 
impaired, unless, ^however, each metal has first been 
coated by itself to some extent. 

10. When it is found that the operator cannot, from 
some cause or other, produce a good colour when gild- 
ing, it is useful to have at command the means of im- 
proving the colour without the trouble and annoyance 
of persevering with an indifferent gold solution. Some 
gilders employ the following mixture to give an artificial 
colour to gilt work ; and provided the work is strongly 
coated, it may be used with advantage : — 

Alum 3 ounces. 

Nitrate of potassa (saltpetre) . . . . 6 ,, 

Sulphate of zinc 8 ,, 

Common salt 3 »» 

Mix the above materials into the form of a thick 
paste, dip the articles in it, or brush them over with 
the compound, and place them on a piece of sheet iron. 
The iron is to be heated over a clear charcoal or coke 
fire, until the articles appear nearly black, when they 
are to be plunged into cold water. A very useful 
formula, and one which may be used with less care than 
the above — especially for small work, is the following: — 

OZS. DWTS. aRS. 

Sulphate of copper .... 2 

French yerdigris 4 12 

Chloride of ammonium (Sal ammoniac) .0 4 

Nitrate of potassa 4 

Acetic acid . . . (about) 10 

F 
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l^educe the sulphate of copper^ sal-ammoniac and 
nitrate of potassa to {^ powder^ in a mortar i then ^dd 
the verdigris, and pour in, little by little, the acetic aeid, 
stirring well all the time ; the whole will assume a 
bluish-green mass. The article to be coloured is to be 
dipped into this mixture^ and, being placed on a piece 
of sheet copper, heat is to be applied until it assumes a 
black colour. It is allowed to cool, and is then placed 
in a tolerably strong sulphuric acid pickle, which will 
dissolve the colouring salts, and the article will assume 
a rich fine gold colour. It is sometimes advantageous 
to scratch-brush the article before submitting it to the 
above process, and it will then come out of the pickle 
perfectly bright. The article, when removed from the 
pickle, is to be well rinsed in warm water to which a 
little potash has been added. A soft brush wd soap 
and warm water, skilfully applied, will tend much to 
improve the article — especially if the work is either 
chased or embossed. 

11. Moving the articles about in the bath, will at all 
times enable the operator to vary the colour of the 
deposit from pale straw-colour to a very dark red. The 
temperature of the solution likewise influences the 
colour of the deposit, the colour being lightest when 
the solution is cold, and gradually becoming darker as 
the temperature increases. Variations in the surface 
of anode exposed while the articles are in solution, will 
also alter the colour of the deposit. The amount of 
cyanide in the bath and the strength of battery-power, 
influence the deposit in the same way. 

12. If there be not sufficient cyanide in the gold 
solution, the anode will not become freely dissolved ; 
consequently, as has been shown, the solution will soon 
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become exhausted of its gold^ and the articles gild of an 
inferior colour. Adding more cyanide, under such cir- 
cumstances^ will not remedy the defect, but a little 
concentrated solution of gold should also be added at 
the same time. 

13* In gilding watch-movements, the greatest care 
must be observed with regard to cleanliness. The 
work is first to be placed in a weak solution of caustic 
potassa for a few minutes, and then rinsed in cold 
water. The movements are now to be dipped in pickling 
acid (nitrous acid) for an imtant, and then plunged 
immediately into cold water. After being finally 
rinsed in hot water, they may be placed in the gilding- 
bath and allowed to remain until they have received the 
required coating. A few seconds will generally be 
sufficient, as this class of work does not require to be 
very strongly gilt. When gilt, the movements are to 
be rinsed in warm water, and scratch-brushed; they 
may then be returned to the bath, for an instant, to 
give them a good colour. Lastly, rinse in hot water, 
and place the movements in clean box sawdust. An 
economical mode of gilding watch-movements, is to 
employ a copper anode — working from the solution — 
which must be re-supplied with gold from time to time 
as the solution becomes exhausted. 

14. When an article is immersed in the silver solu- 
tion, if it assumes a dark colour, either the solution is 
too rich in cyanide, the battery-power is excessive, or 
too large a surface of anode is employed. Any one, or 
all of these conditions combined, will cause this defect. 
The operator should at once remove the article (unless 
it be made of Britannia-metal, pewter, or lead), and 
have it cleaned again by the usual process. It may 

F 2 
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then be returned to the bath^ and a much smaller 
surface of anode exposed. This will at once alter the 
colour of the deposit^ and the anode can be lowered a 
little from time to time^ to increase the speed of the 
operation. Should the article, however, still receive a 
dark-coloured deposit, either the solution must be 
weakened with water, or the battery-power reduced. 
But the solution should not be altered until the other 
remedies have been tried. 

15. When it is desired to give to a plated article, or a 
portion of the same, that appearance which is techni- 
cally termed "oxidation,'' any of the following pro- 
cesses may be employed with success. Sometimes very 
pleasing effects may be produced upon silver work by 
the *^ oxidising " processes. 

1. Dissolve 1 dwt. of platinum in aqua regia. Eva- 
porate the acid, and when the resulting red mass is 
quite cold, dissolve in a little sulphuric ether or alcohol. 
Or the chloride of platinum may be dissolved in cold 
water, or used, in its acid state, before evaporation. 
Apply with a camel's hair pencil to those parts which 
are required to be "oxidised," and as soon as the spirit 
or ether has evaporated, the pellicle of platinum 
remaining will give the appearance required. 

2. Sulphate of copper 2 dwts. 

Nitrate of potassa 1 ,, 

Muriate of ammonia 2 ,, 

Dissolve in a little acetic acid. Apply with a camel's 
hair pencil. The article should be warmed before using 
this mixture. 

8. Hydrosulphate of ammonia, strong or diluted, will 
give either a dark or light tint of oxidation. 
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4. The fumes of sulphur will give to silver an ex- 
tremely beautiful blue steel-like surface. The operation 
should be conducted in a closed box^ all parts of the 
article not to be coloured being protected with a suitable 
cement or wax. 

5. Nitric acid alone will produce an oxidised surface 
upon silver. 

16* Certain parts of an ornamental silver article may 
have a very pleasing effect produced upon them by 
oxidising some parts, gilding others^ and then depo- 
siting a slight coating of copper upon small portions 
of the article, which may be done in the following 
manner : — Dissolve a little sulphate of copper, and add 
a few drops of sulphuric acid ; apply this solution to 
the part to be coated, with a camel hair brush, now 
touch the moistened part with a piece of steel wire, and 
it will instantly become coated with copper. Any 
design can be worked in copper by this means ; but it 
is not necessary to state, that the amount of copper 
deposited is very trifling, consequently the article should 
not be subjected to much wear. 

17. When a silver solution works badly, and it 
appears impossible to restore it by the ordinary means, 
the operator may precipitate the silver with sulphuric 
acid in the manner described for gold (page 96). The 
precipitate is to be well washed, and may then be 
re-dissolved with cyanide of potassium. Water is then 
to be added to make the required amount of solution, 
and in all probability it will work as well as ever. The 
solution should be filtered before using, which may be 
conveniently done before adding the bulk of water. 

18. Ifj when silver anodes are used, the solution con- 
tains a great excess of free cyanide, the anodes will 
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dissolve away irregularly^ and sometime^ Numerous 
small particles of silver drop off the anode; these 
particles, if allowed to fall on the work to be plated, 
will render it rough. It is therefore, under such cir- 
cumstances, advisable to place the anode in a canvas 
bag, or a bag made of Holland linen, by which means 
the small granules of silver will be retained. And naay 
be collected from time to time, and melted or dissolved 
to make nitrate of silver. 

19. In " stripping '' articles, by the process given at 
page 56, the operator must take care that the fhmes 
arising from the process are not allowed to enter the 
apartment in which he is operating, as they are exceed- 
ingly offensive and injurious. The process may be 
carried on upon a sand-bath, with a flue above, or upon 
the hob of an ordinary stove. 

20. Sometimes the silver thrown down from strip- 
ping solutions, when melted and cast into an ingot, 
will not, if submitted to the " ftatting-mill '^ to be 
rolled out, roll well, but will crack under the operation. 
This defect is probably owing to the presence of a small 
quantity of zinc. It is better, in such a case, to remelt 
the silver with a small portion of copper, or to throw in 
some nitrate of potassa when the silver is in a state of 
fusion. 

21. When silver or electro-plated articles have be- 
come much tarnished by exposure to the atmosphere, 
the surftices may be cleaned by brushing over them a 
strong solution of cyanide of potassium; or strong 
liquid ammonia will answer the same purpose. Jewel- 
lers' rouge, in the form of a paste, applied with a stiff 
brush, will render the surface of chased work clean, 
but the bright surfaces should be polished with the 
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palm of the hand, and moist ronge, which is rubbed on 
utitil it becomes quite dry, and the hand appears black 
from the silver Which has worked oflF the article by 
friction. When the articles are rery dull, a little rotten- 
stone may be applied before the rouging process. 

22. Gold may be stripped from articles which hare 
been gilt, by placing them in strong nitric acid, to 
which ft little dry common salt has been added. When 
the gold is removed, the articles should be at once 
rinsed and cleaned in the ordinary way. When the 
nitric acid stripping solution has been worked a good 
deal it removes the gold but tardily j it should then be 
cast aside, and the gold collected by evaporating the 
solution to dryness, and fusing the nesidttttto with a 
little potftssa or soda. Wbta the gold is fused into a 
button, a little nitre may be added occasionally, in order 
tb tefine it thoroughly. 

S3. As deposition takes phee more rapidly upon th6s6 
surfkces which are nearest the anode, it Will be necess^i^, 
in order to coat the goods as uniformly as possible, 
to nro^e them occasionally, and to present a diflFerent 
surface to the anode. By doing this frequently, a 
tolerably uniform deposit may be secured. Ot the 
anode may be shifted to effect the same result. Pre- 
suming that electro-deposition takes place principally 
where the article is in " electrical sight " with the 
anode, it is well to surround the work with surfaces of 
metal to be dissolved, which will save the necessity of 
frequently nroving the articles in solution. 

The insides of cream-ewers, sugar-bowls, teapots, &c., 
since they cannot be placed in such a position that the 
insides will be exactly opposite the anode, may first 
receive a deposit inside by filling the vessel with silver 
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solution^ and proceeding in the same way as in gilding 
the inside of a vessel. Or this may be left until the 
article is well coated outside. Generally speaking, it 
is better to let the solution be slightly moved occasion- 
ally, in order to expose fresh surfaces of the solution to 
the work being plated. 

24. Stout copper wires conduct the current better 
than fine wires ; consequently, the wire employed in 
connecting the work to be plated and the anodes with 
the battery should be always sufficiently stout to carry 
the current freely. For a single cell, wire about one- 
sixteenth of an inch in thickness will be sufficient, but 
where a series of cells are employed, in electro-brassing 
for instance, the wire should be i&uch thicker, — say at 
least one-eighth of an inch thick. If too thin a 
wire is used, when the battery is in circuit._that is. 
when it is connected with the anode and goods to be 
coated, — the wire will sometimes become quite hot, 
owing to its being unable to convey the amount of 
current generated. 

25. It is always advisable to commence the process 
of electro-deposition with moderate battery power, 
which may be augmented after a little while, except in 
those cases referred to in a former part of this work. 
If too strong a current is employed, the articles will, 
in all probability, " strip " in the process of scratch- 
brushing or burnishing. Again, when the battery 
power is very strong, the solution becomes decomposed. 
As a rule, no eflfervescence or frothing should be 
allowed to take place in a plating bath. 

26. Electro-deposition will proceed much quicker 
when the temperature of the atmosphere or solution is 
high ; therefore, the operator should observe that the 
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surface of anode be not too great at firsts or the battery 
power excessive, or the deposit will be faulty. When- 
ever a warm solution is employed, deposition should be 

« 

allowed to commence slowly at first, gradually lowering 
the anode as the coat thickens. 

27. Deposition from silver or gold solutions takes 
place more actively upon brass, German silver, or 
copper, than upon silver or gold; therefore the operation 
must be carried on slowly at first. When a copper or 
brass article becomes covered with silver, deposition 
does not proceed quite so rapidly as at first, when the 
inferior metal was exposed in the solution ; the manipu- 
lator may therefore accelerate the speed of the operation 
as before recommended. The same operation applies 
to gilding. Gold is more easily deposited upon brass 
or copper than upon gold; therefore, after the first 
layer has been deposited, the operation may be carried 
on more vigorously. 

28. The apartment in which electro-deposition is 
carried on should be kept as dry as possible, and the 
temperature at about 60° P. In warm weather, when 
the apartment assumes a higher temperature, the 
strength of battery power, &c., should be regulated 
accordingly, otherwise deposition will take place too 
rapidly. 

29. Batteries employed for this purpose, should be 
made to work as uniformly as possible. When a battery 
works slowly, it is better to take on an extra cell of 
about equal power, than to make frequent additions 
of acid to the battery, which is apt to cause it to act 
irregularly. 

30. The zinc employed in a battery, when not excited 
by salt and water, should be "amalgamated.*^ This 
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is accotti|)lished by plftchig some metcatf in A ditth 
with a little hydrochloric atSd. A piece of flftnft^l dr 
baiie, tied to the end of a stick, and dipped ihto the 
acid and mercury^ is to be rttbbed all over the eylitider 
or plate of zinc, until it assumes the dharactensffc brigbt- 
ness of mercury. When a cylinder of ainc is to be 
amalgamated, I have found that ptitting mereury into 
a coarse flannel bag, dipped now and then into hydra- 
chloric acid, and applying it first f o the outside of the 
cylinder, renders the process of ainalgamating this sur- 
face Tery simple and effective, when only ft Emsrall 
quantity of mercury is at hand. This is a very econo- 
mical method, as with care little or nO waste of ttier- 
cury occurs. When the amalgamated plate or cylinder 
has been in work some time, the operator should observe 
if ** local action" is taking place upon toy part of the 
metal. When this is the case, it is accoriipanted hy a 
violent effervescence within the cell. The cylinder, &c., 
should be at once removed from the cell, and those parts 
which have been inost violehtly attacked by the acid 
solution, tnust be re-amalgamated. Where local action 
takes place, tie part is generally of a dull aild digtfk grey 
^oloui*. 

31. The eopper cylinders and plates used ill batteries, 
should be occasionally cleaned with dipping nitroiis 
acid, and then rinsed in cold water, or they may be 
scoured with sand and a hard brush. 

32. When the copper conducting wires become cor- 
roded by being splashed with solution, &c., they should 
be cleaned with a piece of emery cloth. I have found 
it advantageous to coat these wires with silver — this 
metal being less liable to corrosion than copper. 

33. In using binding screws for connecting the wires 
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of ft battery with the anode and goodn to be e&Atei, the 
operator must take care that the connection between 
the point of the binding screw and the wire is deah^ 
otherwise the current will be conveyed partially 6i: not 
at all. It is well to slightly file the point of the screw 
before using it^ or to roughen it with a piece of coarse 
ettiery cloth, which will enable it to grip the wire better. 
The hole through which the wire is passed, may be kept 
dean with a small round file. When binding screws 
become very much corroded, they may be picUed in 
sulphuric acid and water> for a few houirs, and then 
cleaned with a hard brush and sand ; or they may be 
dipped in nitrous acid. 

34. Strips of sheet copper will be found very con- 
venient substitutes for copper conducting wires. The 
strips may be eut from a sheet about -^^-^ of an inch in 
thickness. 

85. In working a battery for electro-deposition, the 
operator inust secure a considerable quantity df elec- 
tricity of suffident iniensUy to give the necessary activity 
to that quantity. I prefer, 
when arranging two or more 
cells of a battery, to deposit 
sifrer, attaching the wires 
eonnected with the zinc ele- 
ments to the metal rod on 
which the articles to be 
coated are suspended, and 
the wires proceeding from 
the copper elements I attach 
to the anodes. By this ar- 
rangement, the quantity is 
multiplied by the number of cells employed ; whereas. 
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if the cells are alternated — ^that is^ the zinc of the one 
cell to the copper of the next^ and so on — the intensity 
is multiplied and the arrangement only gives the quan- 
tity of one cell. 

36. When it is desirable to deposit the metal in a 
hard state^ it may be advantageous to alternate the 
cells, so as to increase the intensity of the current, as 
this quality of current seems to a£fect the nature of the 
deposit. A good tough reguline deposit appears to be 
dependent upon the current being feeble in intensity, 
but considerable in quantity. 

37. In depositing brass, however, the reverse seems 
to be the case, for here greater intensity is absolutely 
necessary, or the copper alone will be deposited. I 
have generally found that at least two cells of the zinc 
and carbon (an intense) battery, alternately arranged, 
have been necessary to obtain a deposit of good colour. 
Again, if the battery be too powerful, the zinc only will 
be deposited. The exact mean appears to be absolutely 
necessary to obtain good results in electro-brassing. 

38. When the anodes are only partially immersed in 
the solution, and have been worked for some time, the 
metal will dissolve off rapidly at the surface which is 
just out of the solution, and probably the anode may 
be 'divided, and fall into the solution. It is advisable, 
therefore, occasionally te shift the position of the anode 
in order to prevent this local action upon it. It is a 
good plan to suspend the anodes employed in gilding 
by stout platinum wires, so that the whole of the anode 
may be immersed when necessary, without the solution 
being injured. 

39. In preparing solutions, more especially gold and 
silver solutions, distilled water should be employed; 
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but, when large quantities of solution are required, 
this may be inconvenient ; therefore, rain-water, if it 
can be obtained, may be substituted ; or water which 
has been boiled, losing some of its impurities^ may be 
used in preference to common water. Pump-water is 
very objectionaI)le. If rain-water is employed, it should 
be filtered before using; and it is better to collect it as 
it falls direct from the atmosphere, rather than use 
that which falls off the roof of a house, &c. 

40. Electro-deposition of gold and silver may be 
carried on by the "single cell^' arrangement; but, 
although very good results may be obtained by it, it is 
of very little commercial importance. The operations 
of gilding and plating, when conducted by the separate 
battery, are so simple that even the "single cell^' pro- 
cess, simple as it is, will scarcely be employed, except 
for experiment. 

41. In gilding or plating by the " single cell '^ pro- 
cess, however, a jar is fitted with a cylinder of zinc 
inside, which is excited either with sulphuric acid and 
water, or salt and water. A porous cell is placed in 
the centre, which is filled with either gold or silver 
solution. A strong copper wire is soldered to the zinc, 
to which the article to be gilt or plated is suspended, 
by means of a thinner wire, and the moment the article 
is immersed deposition takes place. 

42. It is advisable to anneal the anodes before using 
them. This may readily be done by making them red 
hot over a clear fire (a charcoal fire being preferable), 
and then allowing them to cool. The anodes of gold, 
silver, copper, and brass may be plunged into dilute 
sulphuric acid after they have been annealed, by which 
their surfaces will be rendered quite clean and free from 
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the ^'fire mark/' Brass and copper anodes may be 
dipped in nitrous acid for a moment^ and then plunged 
into cold water. 

43. Cyanide of potassiiim may be prepared^ for 
eleetro-obeoiicitl purposes, by tlie following process : — 
A quantity of commercial ferrocyanide pf potassium is 
to be reduced to a powdery it is then to be roasted on 
an iron slab^ or piece of sheet-iron with its edges turned 
up to prevent the material fldling off. The beat is to 
be continued until the substance is quite free from 
water of crystallisation^ which will become evident by 
its losing its transparency. If the heat be applied too 
suddenly^ the ferrocyanide is apt to decrepitate, and 
much of it may be lost. Care n^ust also be taken not 
to apply too much heat, or it will become fused to the 
iron slab. When the ferrocyanide is dried^ it is to be 
mixed intimately with dry carbonate of potassa, in the 
following proportions ; — 

Dried ferrocyaiiide 16 ounces. 

y, eftrbonate of potassa . . 8 ,, ^ 

Both materials being well mixed, they are to be 
placed in an iron crucible or ladle, which should be 
previously made hot, and the whole subjected to a 
strong heat in a coke fire ; the heat may be increased 
as fusion progresses. When the substances have fused 
into a liquid, they are to remain in this state for about 
a quarter of an hour; the crucible is then to be removed 
from the furnace, and its contents allowed to settle for 
a few moments ; the clear liquid may then be oareAilly 
poured out, either into a shallow iron mould or upon 
an iron slab or dry flag-stone. The sediment remain- 
ing at the bottom of the crucible should be shaken 
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out while hot^ or it will be troublesome to remove it. 
It is A good plan^ while the cyanide is fusing, to dip 
an irou rod into the m^s occasionally^ and then to 
examine the portion thus removed, which will be brown 
at firstj and subsequently white when the process has 
been carried far enough. 

44. Sometimes electro- platers have employed ferro- 
cyaeide of potassium (yellow prussiate of potassa) 
instead of the cyanide in forming silver solutions^ but 
this substance has not been found to answer well, since 
it has not the power of dissolving the anode^ therefore 
the solution soon becomes exhausted of its silver. 
Again, it requires so large a quantity of the ferro- 
eyanide to keep the solution in action, that eventually 
it crystallises upon the inner surface of the bath. 

45. Hyposulphite of soda has also been employed 
as a substitute for the cyanide of potassium; but since 
the solution which is formed with it is very readily 
acted upon by light, it is never likely to become much 
employed; besides, the solutions made with cyanide 
of potassium are found, for all practicable purposes, 
infinitely superior to those made with this or any other 
substitute. 

46. Mr. George Knight, the eminent philosophical 
instrument maker of Foster Lane, Cheapside, has lately 
drawn my attention to a very ingenious and portable 
battery, consisting of two zinc plates and a plate of 
platinised carbon, or graphite, united by suitable bind- 
ing screws, and placed in a glass cell. This arrange- 
ment, I believe, is due to Mr, C. V. Walker. The battery 
is excited with sulphuric acid and water, and is capable 
of yielding a powerful current without any unnecessary 
waste of material. This battery is certainly one of the 
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most simple and effective which has been introduced 
for some years^ and in the hands of the student it 
cannot fail to give many pleasing results with but little 
trouble and expense. 

There are many other processes for the electro-depo- 
sition of metals upon each other besides those enume- 
rated in this work; but the author, — being desirous 
merely to enter into the consideration of those processes 
which are of a practical nature, and which may be pur- 
sued by the student for commercial purposes, — ^has 
confined himself, as far as possible, to detailing those 
processes which are most likely to succeed with the 
beginner. At the same time it is hoped that many 
who are now practising the art of electro-metallurgy, 
either as gilders, platers, or t)ronzers, may glean from 
these pages some useful hints, and which the author 
trusts will repay the reader for the time devoted to 
the perusal of this little work. 

TABLE OF WEIGHTS AND MEASURES. 

APOTHECARIES' WEIGHT. 

1 Found equctla 12 ounces. 

1 Ounce ,, 8 drachms (480 grains*). 

1 Drachm ,, 3 scruples. 

1 Scruple ,, 20 grains. 

TROY WEIGHT. 
1 Found equals 12 ounces. 

1 Ounce „ j 20 pennyweights (dwts.) 

" ( (480 grams*). 

1 Fennyweight ,, 24 grains. 

IMPERIAL MEASURE. 

1 Gallon equals 8 pints. 

1 Pint ,f 20 ounces. 

1 Ounce ,f 8 drachms. 

1 Drachm i, 60 minims. 

* An ounce Avoirdupois is only 437*5 grains. 
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THE END. 
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PUBLISHED BY 

LOCKWOOD AND CO, 

STATIONERS' HALL COURT, LONDON, B.C. 

1859. 




WORKS IN GEXERAL LITERATURE PUBLISHED BY LOCKWOOD A CO. 
THE FAVOURITE FIRST FRENCH BOOK FOR A CHILD* 

LA BAGATELLE: 

ntended to introduce Children of fiye or six yean old to eome knowledge of the Freneh 
Janguace. Revised by Madamb K. L. New and Cheaper Edition, mnch improved^ 
abell 



ind embelliBhed with entirely new cuts. 18mo^ prioe St. Qd., bound and lettered. 

" Will "be found to answer its intended parpoae in 
fvery respect; and the volume can certainly lay 
ilaim to the merit of being produced with more 
han an average amount of care, so far as its typo- 
rraphical gettlng-up is eonoenied."— lUastratcd 
limet. 

" A Teiy nice book to be placed in the hands of 



chfldren : likely to command their attention hj ita 
beautiful embellishments." — Papen for the SanooU 
matter. 

" A well-known little book, rerised. lmpTQired« and 
adorned with some very pretty new pictures. It is, 
indeed, French made very easy for vexy little cbil- 
dren."-2'A« Sekool attd tie feaeker. 



Twelfth Edition, 8to, 4S2 pages, reduced from 10«. 6<2. to 7«. 6d. cloth. 

LE BRETHON'S FRENCH GRAMMAR: 

▲ OUIDE TO TSB PBEKCH ItANeUAOE. 
By J. J. P. Lb Brkthon. Revised and corrected by L. Sandier, Professor of Languages. 



" A thorough practical book."— CrMe. 

"Of the many works that haTe come nndor oor 
nntiee for teaching French, this excels them all." — 
Hanta Advertiur. 

" The great merit of this Grammar undoubtedly 



is its clearness and aimplielty of amngement.*'— 
$*n. 

" Deserves universal acceptation as the plainest, 
easiest, and completest Grammar ever pabUahed.** 
—Rimcatunuil Qaxette. 



Seventh Edition, considerably improved, with new plates substituted, 4to, St,, cloth, 

VOCABULAIRE SYMBOLIQUE ANQLOFRANCAIS; 

Pour les El^ves de tout Xge et de tout Degr^ ; dans lequel les Mots les plus utiles sont 
ensclgn&i par des Illustrations. Par L. C. Raoonot, I^ofosseur de la Langue Fran^aise. 

A SYMBOLIC FRENCH AND ENGLISH 

VOCABULARY. 

For Students of every Age, in all Classes ; in which the most TTseftil and Common 
Words are taught by Illustrations. By L. C. Ragonot, Professor of the French 
Language. The Illustrations comprise, embodied in the tezt^ acciu^te representations 
of upwards of 850 different objects, besides nine whole-page copper-plates, beautifully 
executed, each conveying, through the eye, a large amount of instruction in. the 
French Language. 

\* This work in the Anglo-French form having been extenslvelv adopted, not only 
in Great Britain and on the Continent, but also in America the publishere-have deter> 
mined to adapt it to other lanirnages, and by producing it in a more portable fonn, to 
render it equally suitable to the Toiuist and the General Scholar. The following- is 

now ready, 8vo, «•., red cloth, lettered, 

SYMBOLISOHES ENGLISCHDEUTSCHES WORTERBUCH: 

THE 

SYMBOLIC ANGLO-GERMAN VOCABULARY; 

Adapted from the above work. Edited and Revised by Falck Lebahn, Ph.Dr., 
Author of "German in One Volume," "The German Self-Instructor," fto. With 
850 woodcuts, and eight full page lithographic plates. 



THE CHEAPEST SCHOOL ALGEBRA. 
Seventh Edition, ISmo, 800 pages, reduced to 3*. 6d., bound, 

NICHOLSON AND ROWBOTHAM'S PRACTICAIi 

SYSTEM OF ALGEBRA. 

DBSIONXD FOB THX USB OF SCHOOLS AND PBIVA.TE STXTOENTS. 



THE 

HISTORICAL LINES of DR. GREY'S TECHNICAL MEMORY. 

With various additions, chiefly as they apply to modem histoxy. Arranged for 

geneiul use. Sixth Edition, 1«., sewed. 



Loarsoir, October^ 1859. 



CATALOGUE OF WOEKS 



nr 



ARCHITECTURE, AGRICULTURE, 
CHEMISTRY, ENGINEERING, MATHEMATICS, MECHANICS, 

METALLURGY, Ac. &c. 

PUBLISHED BT 

LOCKWOOD & CO., 

STATIONERS' HALL COURT, K.C. 



GOKFLEIE LIBEABY 07 TEE XILITABY 8CIEHCES. 

Thru vdU., royal Svo, upwards of 500 Engravings and Woodcuts, in extra cloth hoards, 
and lettered, 41. 10s. : or may he had in six separate parts, paper hoards, 

AIDE-MEMOIRE TO THE MILITARY 

SCIENCES. 

Framed from Contributions of Officers of the different Services, and edited by a Com- 
mittee of the Corps of Royal Engineers. The -work is now completed. 

*«* This work is admirably adapted as a present to the young Military Student, and 
should find a place on the shelves of every Regimental Library. It is recommended 
to the notice of YiUiuiteer Bifle or Artillery Corps. 



A£BAK OV THE SIOH FBE8SUBE EBTGINE. 

Jn 8vo, toith 2B fine plates, 16s. 6d. cloth, 

THE HIGH PRESSURE STEAM ENGINE. 

An EziKwition of its Comparative Morits, and an Essay towards an Improved System 
of ConstruGtion, adapted especially to secure Safety and Economy. 

By Db. EHNST ALBAN, 
Practical Machine Maker, Flau, Mecklenberg. 

TBAireLATSn FBOU THE OERUA27, WITH MOTES, 

By Wm. Polb, C.E., P.R.A.S., Assoc. Inst. C.E. 



BUCK ON OBLiaiTE BRIDGES. 

Second Sdition, imperial Bvo, price 12s. doth, 

A PRACTICAL AND THEORETICAL ESSAY 

ON OBLIQUE BRIDGES, 

With 13 large Folding Plates. 

By GEORGE WATSON BUCK, M. Inst. E. 

Beeond Editign, corrected by W. B. Baklow, M. Inst. C.E 



4 W0BK8 PCBLISDED BY LOCKWOOD & CO. 

CASB'8 mtopau. 
A SYNOPSIS OF PRACTICAL PHILOSOPHY. 

TDcictf or Tbearema, FarRmle, uid Tnbki, ttom the most oc 



TraTel 



H TahlM or Li 



Sctentiflc Men 



vejon 



iriUuQfl. Desi^fd at 



losophj : 



HICHOLSOITS CABPEHTER'S GUISE and FTITE'S BTTLES on SBlWIVa. 

d KmEilitian, wiili1iplaia,iu. price 1i. li. riolS, 

THE CAEPENTBE'S NEW eUIDE; 



A Nev Edition, reiiecd b; Artbuh Abhpitsl, Arcli., P.S.A. ; 
By Gbobqb Finb, AitUt. 



SEMFBErS nUCnOAL aUIWAT EHOIREEB. 

/n Onf laiye 7oL He. priei Si.-12i. M. etath, 

THE PEAOTICAL EAILWAY BNOINBEE. 



ill nre combined In tbe Foimoti 
Doipal 



> roc 



HDt Time; vilb Facta, Fisniea, ond Data, Intended to asaiat tbe Cicll Eneinnr in 

designing and executing tbe importaat Setaila reqniied For thoBe Great PubUo Works. 

By G. DRT3DALE DEMPSET, CivU Engineer. 

Fourth Edition, leTlsed and gieatlf extended. 

■With Tl donMo qoarto plales, 72 woodeoli, and Portrait of GEonoi STEPHKKaoK. 



K Trrtcit Mdie uitl 



WOEXS PUBLISHED BY LOCKWOOD & CO. 



BABLOW ON THE STRENGTH OP MATEBIALS. 

With Nine lUuOraiums, 8vo, 168. cloth, 

TREATISE ON THE STRENGTH OF TIMBER, 

CAST IRON, MALLEABLE IRON, ^ 

And other Materials ; 'with Rules for Application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the Powers of Locomotive 
Engines on horizontal planes and gradients. 

By PETER BARLOW, F.R.S., 
Hon. Member Inst. Civil Engineers, &o. 

A New Edition by J. F. Heather, M.A., of the Royal Military Academy, 

Woolwich. 

WITH AN ESSAY ON THE ETFECTS PRODUCED BT CAUSING WEIGHTS TO TRAVEL 

OYER ELASTIC BARS. 

By F&OF. Willis, of Cambridge. 



QBEGOBTS HATHSIUTICS, BY lAW. 

Tldrd Edition, in 8vo, toUh 18 PlcUet, very neatly haJf-hound in moroecOf 12. la, 

MATHEMATICS FOR PRACTICAL MEN. 

Being a Common Place Book of Pure and Mixed Mathematics, designed chiefly for the 
use of Civil Engineers, Architects, and Surveyors. 

ByOLINTHUS GREGORY, LL.D., F.R.A.S. 
Third Edition, revised and enlarged by Henry Law, Civil Engineer. 

CONTJSKTS. 



PART I.-PUBE mathematics. 

Chapter I. Arithmetic— Chap. II. Alxebra.— Chap. 
III. Oeometry.— Chap. IV. Mensuration.— Chap. 
V. Trigonometry.— Chap. VI. Conic Sections.— 
Chap. VII. Properties of Carrea. 



PART Il.-MIXED MATHE.\IATICS. 
Chapter 1. Mechanics in General.— Chap. II. Sta- 
tics.— Chap. III. Dynamics.— Cliap. IV. Ilvdrosta- 
tics.— Chap. V. Hyarodynamlcs.— Chap. Vl. Pneu- 
matics.— Chap. VII. Mecbani:*al asrents. — Chap. 
VIII. Strcn^hof Materials.— .ippendix of Tajlcs. 



A COMPLETE BODY OP EUSBANDBY, BY YOUATT. 

Tenth EdUUnif mv£h enlargedf vnth numerotu Bnffravings, 8oo, price 12s. cloth, lettered, 

ffilt back. 

THE COMPLETE GRAZIER, 

AND FARMER'S AND CATTLE BREEDER'S ASSISTANT, 

A Compendinm of Husbandry : containing full instructions on the breeding, rearing, 
general management, and medical treatment of every kind of stock, the management 
of the dairy, and the arrangement of the farm offices, &c. ; description of the newest 
and best agricultural implements ; directions for the cii'ture and management of grass 
land, and of the various natural and artificial grasses, draining, irrigation, warping, 
manures, &c. 

By WILLIAM YOUATT, Esq., V.S., 
Member of the Royal Agri. Soo. of England ; Author of " The Horse, " ** Cottle, " A'c. 



B WORKS PUBLI3HKD BT LOCKWOOD * CO. 

TEE CFBZAT ZASTEBIT Am ISOIT SHIPS HT GEITERAIk 

Second EdUion, Atltv of Platitt vM trpatnte axl, prict IL 5g.j 

ON IRON SHIP-BUILDINO. 

Willi Fricllciil Eiwiplo BDd Detail^ in Twcntj-tSur Plate^ inclDdlnK (liree i 
Qrial Eailtm, togelhi^T villi Text conulninB DcKriptiooB, Eipltjiationi, and Oc 
E«iDAJ^B, Cu tbB Dfle of SMp^vneri aai ^lip-bntldBn. 

Bj JOHM QRAMTHAM, C.B., 
ConaultiiiE EngiDeer tmd Navta AccbiMct, LlTerpooL 




BEAST ltECE(HISa, aCLUimiQ 7EACII0KAL VAXIft OF A nUHD 



!4nu). 1ft M, cMt, or it. itriniglji bvund in lialitr, 

THE INSTANT KECKONEE. 



miiuan, 4bl. 



; uid im Appendix, c 



smis oir LEVZLLnre. 

Hi VDodnUi, Bm, ti. lU., el«A. 

A TREATISE ON THE PRINCIPLES MiB 
PEACTICB OF LEVELLING, 



By FREDERICK W. SIMMS. P.Q.S, M. Inat. C.E. 
PaiTth Edition, wltta tht addition ot Mi. LuVa FncUcsl EiunplH fOt MKills out 
Bailiray Cottps, and Mi. Trantwino'" Flold Praitioe of Laying out Cinjolar Currea. 



WORKS PUBLISHED BY. LOCKWOOD & CO. 



HOST VWKFWL WORK FOR emSTSI CmTTLEKBir, UBMEBS, 

LAND AGENTS, &0. 

New Edition, vHth Additions and Corrections, price is», strongly hound, 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tallies, on a yery mucli improved Plan, for Calcalating the Value of Estates. 
To which are added. Tables for reducing Scotch, Irish, and Provincial Customary Acres 
to Statute Measure ; also, Tables of Square Measure, and of the various Dimensions of 
an Acre in Perches and Yards, by vrhich the Contents of any Plot of Ground may be 
aseertained without the expense of a regular Survey, Miscellaneous Information on 
English and Foreign Measures, Specific Gravities, &o. 

By £. HUDSON, Oivil Eagineer. 



"This new edition inelndes tables for ascertain- 
ing the valae of leases for any term of years; and 
for showing how to lay out plots of tcronnd of 
etttain acKa in fbrma, iqiukre, xouad. ftoi, with 



Taluable rules for ascertaining the probable worth 
of etandiDx timber to any amount t and is of incal- 
culable value to the country gentleDiaa and pxofes- 
•ional xaMMi."-'fmrmgi*» Jmmud, 



HVWOOB'S TABLES. 

SepenteaUh Edition. 12mo, cloth, 7s*, 

TABLES FOR THE PUECHASING OF ESTATES, 

Freehold, Copyhold, or Leasehold, Annuities, Advowsons, &o., and for the renewing 
of leases held under cathedral churches, colleges, or other corporate bodies, for terms 
of years certain, and for lives ; also, for valuing rerersionary estates, deferred 
annuities, next presentations, &c., the Five Tables of compound interest, the Govern- 
ment Table of Annuities, and an extension of Suaht's Tables. 

By WILLIAM INWOOD, Architect. 

The Seventeenth Edition, with considerable additions, and new and valuable Tables of 
Logarithms for the more difficult computations of the Interest of Money, Discount, 
Annuities, &c., by Mons. Fxdob Thouak, of the Soci^t^ Credit Mobilier, Paris. 



NOBMANBTS COKUEBCIAL HANDBOOK. 

Inpoa 8vo, Ulustrated toUh woadevts, price 12s. 6d., hand$(mdif hound in cUik, 

THE 

COMMERCIAL HANDBOOK OP CHEMICAL 

ANALYSIS ; 

Or, Practical Instructions for the Determination of the Intrinsic or Commercial Value 
of Substances used in Manufactures, in Trades, and in the Arts. 

By A. NORMANDY, 
Author of " Practical Introduction to Bose's Chemistry,*' and Editor of Bose's 

« Treatise of Chemical Analysis." 



^'We reoommend this hook to the careful perusal 
of every one; it may be truly afllrmed to be of uni* 
versal interest, and we atrangly recommend it to 
our readers as a guide, alike indispensable to the 
housewife as to the pharmaceutical praetitioneT."— 
Mtdical Timetw 

■** A truly practical work. To place the unscien. 
tiflc person in a position to detect that which miKht 
nin bim in eharHCter and fortune, the present work 
will prove hifchly valuable No one can nerase this 
treatise without feeling a desire to acquire f^irther 



and deeper knowledge of the enticing science of 
chemical analysis.'*— Astpotitar. 

" Tbe author has produced a volume of surpassing 
interest, in which ne desc^lbea the character and 
properties of 40S diiferent articles of commerce, the 
substances by which thcvaie too frequently adulte- 
rated, and the means of their detection."— iftaja^ 
Journal. 

" The veiy best work on the sabjact the English 
press liBs yet produced.'''^ jrceAaMCf' MmgUKint, 
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VTOEKS PUBLISHED BY LOCKWOOD & CO. 



NOBMANDTS CHEinOAL ATLAS AHD DICnOKABIES. 

I7ttf Atlas, oUong folio, cloth limp, IL 1«., tJie DicfioTiaries, post 8vo, 7s, W., €loth^ 
OTf Atlas and Dictionaries together, 11. S«. cloth. 

THE CHEMICAL ATLAS; 

Or, Tables, showing at a glance the Operations of Qualltatlye Analysis. With PraC' 
ileal Observations, and Copious Indices of Tests and Re-actions ; accompanied by a 
Dictionary of Simple and of Compound Substances, indicating the Tests by which 
they may be identified ; and a Dictionary of Re-agents, indicating their preparation 
for the Laboratory, the means of testing their purity, and their behaviour with 
Substances. 

By A. NORMANDY, 
Author of " The Commercial Handbook of Chemical Analysis," &c., &c., and Editor 

of H. Rose's " Treatise of Chemical Analysis." 



"Tables sach as these, like Maps and Charts, are 
more eloquent than the clearest prose statement. 
It is the most elaborate and perfect work of the 
kind that we are acquainted with."— JUecAaMtc*' 
Magazine. 

" The work gives evidence of t\ie atithor beine 
perfect master of the task he has undertaken, and 
will no doubt occupy a place in the library of every 
chemical student and analyst."— Jlftatn^ Journal. 

"Several works on chemical analysis have for 
many years held a high position in the estimation 
of the scientific chemist. The work before us will 
be found in our opinion far more useful to the 
student of analysis, nay more, to the practitioner. 
The directions are more minute, and the number of 
cases introduced infinitely more varied. There is 
scarcely a possible case which the author has not 
provided for.^ From a careful examination we are 
able to say that any person possessed of a slight 



knowledge of chemical manipulation, may, by 
means of the Atlas and Dictionaries soon make 
himself a proficient analyst. Everyone who studies 
the Atlas must be impressed with the magnitude of 
the author's labour, and the vast extent to which 
he has economised the time and trouble of those 
who avail themselves of his friendly assistance.*'— 
The Chemut.- 

"'Normandy's Chemical Atlas' for comprehen- 
siveness and completeness far auipaases anything 
of the kind hitherto published. I feel convincea 
that the student may with the aid of the Diction- 
aries. with which the Atlas is accompaniedL auc- 
cessiully and alone undertake the examinsuion of 
the most heterogeneous mixture, whether composed 
of organic or inorganic substances, or of both 
combined."— Henry Jf. fioad, P.R.S., Lecturtr on 
Chemittry at St. Georg^t Uotpttal. 



By the same AtUIior, eroton 8vo, price 4<. 6(2., cloth, 

THE FARMER'S MANUAL OP AGRICUL- 
TURAL CHEMISTRY; 

With Instructions respecting the Diseases of Cereals, and the Destruction of tbe 
Insects which are injurious to those plants. Illustrated by numerous woodcuts. 



" This work will be found of incalculable value 
to the Farmer. We have perused it with much 
interest, and have no hesitation in recommending 
it to the notice of every farmer, who will find it an 
excellent guide in all questions of Agricultural 
{^)xtvix\%txj,'~AgrieiUtwral Magazine. 



" By far the best attempt to supply a treatise of 
a limited kind on the chemical analysis of the ma- 
terials with which the agriculturist is coocerned ; 
the instructions are very satisfactory, and are 
accompanied bv illustrarivR figures of the necessary 
apparatus."— ^ftenfem Jouniu, 



8F00NEB OK SHEEP. 

Second Edition. 12mo., 5s. cloth. 

THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OP THE SHEEP. 

In Three Parts. Illustrated with fine Engravings from Drawings by W. Habvet, Esq. 

Br W. C. SPOONER, V.S., 

Member of the Council of the Royal College of Veterinary Surgeons ; Honorary Asso. 
ciatc of the Veterinary Medical Association ; Author of " Treatise on the Influenza," 
and the " Structure, Diseases, &c., of the Foot and Leg of the Horse ;" Editor of 
White's " Cattle Medicine," and White's " Compendium of the Veterinary Art." 

"The- name of Mr. Spooner, who is a distin- 
guished member of his Profession, is a suflBcient 
guarantee for the accuracy and usefulness of its 
contents. Farmers' clubs ought to add this work 



to thdlr libraries ; and, as a work of reference, it 
ought to be in the possession of all Sheep Faum- 
ers."— Gardener/ Chronicle. 



WORKS PUBLISHED BY LOCKWOOD & CO. 
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KOAD'S ELEGTBIdTT. 

Four^ SdiiioTi, eniirdy re^arUUnt in One Volume, Uluatraied hy 500 woodcvUt 8v0, U. 4i. 

dotK 

A MANUAL OF ELECTRICITY. 

Inclading GalyaaiBm, Magnetism, Dia-magnetism, Electro-Dynamics, Magno- 

Electricityj and the Electric Telegraph. 

By HENKY M. NOAD, Ph.D., F.C.S., 
Lecturer on Chemistry at St George's Hospital. 

Or in Two- Farts : 
Part I., Elxctbicitt and Galvanisv, 8to, 16«J cloth. 
Part II. MagnbtisIi and the ELXCimc Tkleghafh, 8to, 10«. 6<I. cloth. 

"This pablioation full^ bean out its title of 
' Manual.' It discusaea in a satiafactory manner 
electridtv, frictional and Toltaic, thermo-electri- 



city, and electro-physiolonr. To diffuse correct 
Tiewa of electrical science, to make known the 
laws by which this mysterious force is reKolated, 
which Is the intention of the author, is an impor* 
tant tia^."—Atkendaum. 

"Dr. Noad's Manual, in some d«)artments of 
which he has had the counsel and asafstance of Mr. 
Faraday, Sir William Snow Harris, Professor Tyn- 
dall, and others, Kivlnar an additional sanction and 
interest to his work, is more than ever worthy of 
being received with &voar by students and men of 
science. The style in wh<oh it is written is very 
e xact and clear."— ii/erary Qatette. 

" Dr. Noad's ' Manual of Electricity' has fbr seve- 
ral years ranlied as one of the best popular treatises 
on this subject. By an excellent methodof arrange- 
ment, and a clear and agreeable style, he introduces 
the student to a sound elementary knowledge of 
eveiy department of electrical science."— ^tfa*. 

"This is a work of great merit, and is erediuble 
to the scientific attainments and philosophical re- 
search of the author. Too much praiHe cannot be 
bestowed on the patient laliour and unwearied 
application which were necessary to produre a 
work of such absorbing interest to the whole 



trading and commercial community.'*^J?<{u0aftMai 
Gatette. 

"On the subject of electricity, it is a service 
second only to disooveiy, when one competent for 
the -ask uadertalces to sift and rcoonstruct the old 
materials, and to bring togethw and incorporate 
them with all that is important in the new. Such 
a service Dr. Moad has performed in his 'Manual 
of Electricitv.'"— CAam6er«' Journal. 

"As a work of reference, this 'Manual 'is particu- 
larly valuable, as the author has carefully recorded 
not only his a»*)u»ritie$, but, when necessary, the 
worda in which the writers have detuled their ex- 
periments and opinions." — Mtehauieif Magazine. 

"Among the nnmerous writers on the attractive 
and fascinating subject of electricity, the author of 
the present volume has occupied our best atten- 
tion. Jt is worthy of a place iu the libranr of 
every public institution, and we have no doubt it 
will be deserredly patronised by the scientific com- 
munity."— Mtntnir Journal. 

"The commendations already bestowed in the 
pages of the Lancet on furmer editions of this work 
are more than ever merited by the present. The 
accounts given of electricity and galvanism are not 
only complete in a scientific sense, but, wliich is a 
rarer thing, are popular and interesting."— Lancet. 



TBEDOOLD OK THE STRENGTH OF IBOK, ftc. 

Fourth Edition, in Two Vols., Svo, II. 4s., hoards (eUTier Vdwne may be had separatelyX 

A PRACTICAL ESSAY ON THE STRENGTH 
OF CAST IRON AND OTHER METALS; 

Intended for the assistance of Engineers, Iron-Masters, MUlwrights, Architects, 
Founders, Smiths, and others engaged in the construction of machines, buildings, 
&c. ; containing Practical Bules, Tables, and examples founded on a series of new 
experiments ; with an extensive table of the properties of materials. 

By THOMAS TREDGOLD, Mem. Inst. C.E., 

Author of " Elementary Principles of Carpentry," " History of the Steam Engine," 
&o. Illustrated by several engraving^ and woodcuts. Fourth Edition, much 
improved and enlarged. By Eatok Hodgkinsok, F.B.S. 

HOBGKmSOlTS BE8EABCHES OK IBOK. 

*i^* Vol. II. of the above consists of EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON : with the development of 
new principles ; calculations deduced from them ; and inquiries applicable to rigid 
and tenacious bodies generally. By Eaton Hoi>oxin60n, F.R.S. >^'^ith Plates and 
Diagrams, Svo, 12«. boards. 
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B0GEB9 oir ntoir ketalltjbot. 

WUh 20 earefttUy-prepared copper-plat^ One Vol., 8vo, IZ. Be., cloth. 

AN ELEMENTARY TREATISE ON IRON 

METALLURGY, 

Up to the Manufacture of Fuddle Bars, built upon the Atomic System of Philosophy ; 
the elements operated upon being eBtimaftefl acoordiag to Dr. Wollaston's Hydrogen 
Scale of Equivalents ; comprising suggestions relatiye to important Improvements in 
the Manufacture of both Iron and Steel> and the conduct of Extensive Iron Works ; 
with Analytical Tables of Iron-making Materials. 

By SAMUEL B. ROGEES, of Nant-y-Glo, 
Inventor of Iron-Bottoms to Puddling-Fumaces, and of the pres^it system of pre- 
paring Coke, in Double or Single Ovens. 



**! do not hesitate to anr tliat Mr. Bogen'i work 
on Iron Metallurgr is, beyond contperisoa, tde 
most complete comrnnation of science and sound 
vraetice that has yet appeared on 1x00."— DorM 

** A Tolame wUek ought to he at hmd in every 
Iron Works in the kingdom, and in the nossesaion 
of erery Ironmaster." — Wolverhampton CbronieU. 

"Mr. Bogen does not oonie before the public aa 



an untried theoriat, for one of his inrentSom has 
been adopted Kenerally tlmmriioat the Iron Mann- 
fhctories of the world, and with immcme adTantage 
to Iroumaster*."— Brwtoi nma. 

*'A remwfcable book. Its author tau erIdeBtly, 
a man of practical experience, and of no mean 
scientific attainments, who has made the question 
on which he write* the basinesa and atudy of Ua 
m^J'^atagMkUn Jdvertker. 



TYKSB SOLES FOB BEAWUfO. 

In ito, ttith U plcOee^ in haJf cloth boarda, 7<. 6d. 

PRACTICAL RULES ON DRAWING, 

FOB THE OPESATIYE BUILDER AND YOUMG STUDENT IN 

A&CHITECTURE. 

By GEORGE PYNE, 
Author of " A Rudimentary Treatise on Perspective for Beginners." 



4 Practical Rules on Light and Shade. 
& Practical Ralea OA Goloor. 
&c. fte. 



1 Practical Rales on Drawing,— Ootlines. 
8 Ditto.— the Grecian and Roman Orders% 
8 Practioal Btdea on Drawing,— Perspectire. 



D0B80K and GABBETTS STTTBENTS aU'IDOS. 

In One Vol., 8va, extra cloth, Oa. 

THE STUDENT'S GUIDE 

TO THE PRACTICE OF DESIGNING, MEASURING, AND VALUING 

ARTIFICERS' WORKS; 

Containing directions for taking Dimensions, abetraeting the samei and bringing the 
Quantities into Bill; with Tables of Constants, and copious memoranda for the 
Valuation of Labour and Materials in the respective trades of Bricklayer and Slater, 
Carpenter and Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. With 43 plates and woodcuts. The 
Measuring, &c., 

Edited by EDWARD DOBSON, Arcliitecft and Surveyor. 

Second Edition, with the Additions on Designs 

ByE. LACY GARBETT, Architect; 

Together with Tables for Squaring and Cubing. 



WORKS P0BLI3HED BT LOCKWOOD & CO. 11 

COrUOEB, TILLAS, AITD OOUHTRT EOITHES. 

DESIGNS AND EXAMPLES OF COTTAGES, 
VILLAS, AND COUNTRY HOUSES. 



BTDVB TEXT BOOK TOE ABCHITBCIB, ZVOISSEBS, BUBVESOBfl, &e, 

A GENERAL TEXT BOOK, 



taining Ttaeorems, Formnis, Eulee, and Tabtea in Qeomeb-y, MensursUoD, and 
TrlgongmEtry ; Land Measuring, Suryejliig, und Layelling ; Hailway and Hrdnralic 
Kugineering ; Timber Meaturing ; the Valuation ot Aitiatcrt' Worli, EstaMa, Leaie. 
bolds. LUsholds, Annultda, TilU««, Fuming Stook, and Tenant Sight ; the Ahhs- 
mcnt of Fariahn, lUilnfs, Gas and Water Wcrlu ; tbs Law of Dilspidationa and 
NDiaauoef^ AppraiAcments and Aactionfi, Lan^ord and Ten 
leau). Togetiier iriUi ExamplM of Villu and Coanta; House 



Idsd sereial Cbapten Dn Agriculture and Landed Fiopert]', 
Bj Professor DosAlCiOK, 
Autboi of seTentl Works on AgrlcuUnre. 



fg and T^Danl RurhL-Clup. 11 
ilillif L- Clllp. X£ UiiUdD^f no 



THE APPEAISER, AUCTIONEEE, AND 
HOUSE-AGENT'S POCKET ASSISTANT, 

For the valnation, purohue, and tlie n 
and of Fropert; gensndl]' ; priua for Inre 
lit Uie iuterlon, flttings, famllnre, Ac. 

By JOHN WQEELEE, Yalner. 
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VrORKS PUBLISHED BY LOCKWOOD & CO. 



TEKPLETOITS WOBXSHOP COMPAKIOK. SIXTE EDUIOH. 

//» 12mo, price 5t., hound and Uttered^ 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, 

And THE SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT; comprising a 
great varictj of the most useful Rules in Mechanical Science, divested of mathema. 
tical complexity ; with numerous Tahles of Practical Data and Calculated Results, for 
facilitating Mechanical and Commercial Transactions. 

By W. TEMPLETON, 
Author of " The Engineer's Common-Place Book," See, ftc. 

Sixth edition, with eleven plates and the addition of Mechanical Tables for the use of 
Operative Smiths, Millwrights, Engineers, &c., and practical directions for the 
Smelting of Metallic Ores. To which also have been now added several useful and 
practical Rules in Hydraulics and Hydrodynamics, and an account of Dundas's Steam 
Hammer. 

OONTEMTS. 



Oeometiy— G«ometi7 applied to M*ckanie»— De- 
cimal Arithmetic — Mensuration — Instrumental 
Arithmetic— Commercial Tables— Strength of Ma- 
terials -MecliaaiG Powers — Coutinuooa Circular 



Motion— Friction— Properties of Water and Air- 
Steam Ena^ine Boilers— Dundas's Steam Hammer 

— Logarilluna. 



THE BEST BUILDEB'S PRICE BOOK. 

Fourth Edition, in 12mo, cloth boards, lettered, 4«., 

WEALE'S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK. 

Published Annually. Containing the latest prices for work in all branches of the 
Building Trade, with items numbered for easy reference ; and an Appendix of Tables, 
Notes, and Memoranda, arranged to afford detailed information commonly required 
in pr^arixij Estimates, &c., for Builders and Contractors of Public Works. 



wiGHTwiCK's Hnrrs. 

With numerovut Woodcuts. Ja Svo, extra cloth, top edges gilt, St., 

HINTS TO YOUNG ARCHITECTS. 

'Comprising Advice to those who, while yet at school, are destined to the profession ; 
to such as, having passed their pupilage, are about to travel ; and to those who, having 
•completed their education, are about to practice : together with a Model Specification ; 
Involving a great variety of instructive and suggestive matter, calculated to facilitate 
their practical operations ; and to direct them in their conduct as the responsible 
agents of their employers, and as the rightful judges of a contractor's duty. 

By GEORGE WIGHTWICK, Architect, 
Author of "The Palace of Architecture," &c., &o. 



Preliminary hints tc young ar- 
chitects on the knowledijie of 
drawing 

On serrinir his time 

On traTellinic 

His plate on the door 

Orders, plan>drawinx 

<ln his taste, study of interiors 

Interior arrangements 

Wanning and Ventilating 

Housebuilding, stabling 

OottHKes and villas 

Model Speciflcaliou 



CONTENTS. 

Gmeral Clauses 

Foundations 

Well 

Artificial Foondatlons 

Brickwork 

Rubble masonry with brick 

mingled 
Stone-cutting 

„ Grecian or Italian only 
„ Gothic only 
Miscellaneous 
Slating 
Tiling 



Plaster and cement wock 

Carpenters' work 

Joiners' work 

Iron and metal work 

Plumbers' work 

Drainage 

Wf-li-digging 

ArtiiciaT levels, concrete, foun- 
dations, piling and plankiny, 
paving, vaulting, bell-hanging, 
pluntbiug, and bnilding gene- 
rally. 



WORKS PUBLISHED BY LOCKWOOD ft CO. 13 

TBEDOOLO'S OAIffZRTET. FOTJSIH EDmOIT. 

THE ELEMENTARY PRINCIPLES OP 
CARPENTRY ; 

A TTCatlae od the preuore BIKl cquiUbriam of timber framiDf^ tbe mlaUBce of 
timber, ud tbe conitriicdon of Boon, arcba, tirldgei, roofa, anitlng Iron end Btone 

the nature and propertiM of Umber, in> ' .. . . . .. 

cauwi and picientLoD of Amy, with d 

Bj THOMAS TREDQOLD, CivU Engineer. 






: 11 






THEORY OF COMPOUND INTEREST AND 
ANNUITIES, 



Vith TABLES of LOGARITHUS for the more dlfScull eompntatiaiu of Inlenlt, 
Dtsconot, Aonnitiei, &c., in ill theli ipplicatlcmi and iu» for MeccBDtile and Slate 
purpOKs, nith a full aod elaborate introductlen. 

Mititj Credit Mobilier, Forii. 



By FEDOE TBOMAH, of the S. 
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WORKS PUBLISHED BY LOCKWOOD & CO. 



DTEALFS SNGINZER^S POCKET BOOK. 

With 8 copper pUUet, and nvmeroui tocodouU, m roan tueh, d. 

THE ENGINEER'S, ARCHITECT'S, AND 
CONTRACTOR'S POCKET BOOK. 

Published aniraally; 'With Diart of Etexts and Data oonneeted with Engineering, 
Arcbiteetiire, and the kindred Sciences, professionally and otherwise revised. 



Allojrs. Almanack 

Balluting. Barlow 

Band Draiu 

BeHemer on the Maaofactme of 

Iron and Stael . 
Boiltn and Enginei (Fnportiona 

oO 

BoQen, Tumaces, and Chiinaeyi 

Calendar 

Carpentry and Joinery 

Cask and Malt Gaugmg 

Castinicaf aundry for Sewen,Gas- 
worki, &c. 

Caat-lron Columitt and Girder* 

Chain for Bailwaya 

ChimneyB, dlmeniiona of 

Circamferenee of Cirelea 

Circular Area (Tablea of) 

Circle, Cylinder, Sphere, ftc. 

Cold Bxperimenta } Economie 
ValoeaofCoala 

Cokinc (eTaporatWe Powers of 
Coal, and BesnlU of) 

Colamna, PoMa, fto. 

Copper Mines (Synonais of) in 
Devon and Cornwall 

Cornwall Pa]npinK<-Ensiaea 

CnrrentCoina 

DuBuat 

Eartkwoik 

Baat London Waterwvrhs 

Eclipiea 

Elafttie Propertiea of Steam 

BUipsea, Conea^ Fraatmma, Ac. 

Ephemerides of the Planets 

fairbalm on the Mechanical Pro- 
pertiea of Metals ; on the tensile 
strength of Wrought Iron at 
TSjrious temperatores; Tubular 
Girder Bridges; Notes on 
Toughened Cast4nm: on the 
Resistance of Tubes to Collapse 

Plooriug 

French and English Scales 

Friction 

Fuel on the American Railways 
and on English Railways 



coimiiTS voB 1860. 

Gauges (List of) and Weiehta of 
OalTaniied Tinned Inm ShecU 

Girders (Caafe-iion) 

Hawksley 

Heat (Bffeetaef) 

H igh Water at London Bridge 

Howard 

Hydraulics 

Hydrodynamics 

Instatntioa of Citil Bngineen 
(Lilt of Members of) 

Institute of British Architects 
(List of Members of) 

Iron Bar 

Iron 

Boofk 

Knot Tables 

Latitudes and Longitudes [fte. 

Log. of Sines, CoBines» Tangents, 

Marine Engines 

Marine Screw Fippwlsion 

Mariatier 

Maaonry 

Mensuration (Epitome oO 

Morin'a Bxpenments on Fnetion ; 
on Ropes 

Natural sinea, fte. 

Neville, on Retaining Walls 

Notes to acoompany the Abbre- 
viated Table of Natural Sines 

Peninsular and Oriental Steam 
Fleet 

Probin [and Boilers 

ihroportioBs of Marine Engines 

Proiiortional Siaea and Weights 
or Hexagon-heads and Nails iter 
Bolts 

Pnraping Water by Steam Power 

Raila 

Rennie (0») ; Messrs. Benaie 

Roofs 

Ropes, Bx p wtmMits of 

Sewers 

Sleepers for Railways 

Smith's Sewer. Sound 

Specific Gravity of Gases 

Square, Rectangle, Cube, fta. 

SfBKa and Stand Bkr-Ixoa 



Strength of Columns 

Strength of MaterialB of Coa- 

strnction 
Strength of Rolled T-Iran 
Stones Ptsservation of 
Stones 
Tables of the Weight of Ixoa 

Castiun for Timber Roofc 
of the Properties of Diflfer- 

ent Kinds of Timber 
of the Weights of Bails 

and Chairs 
of the Weight, Pressure, 

&C. of Materials, Cast-Inm. ftc 
of WeighU of Conner. Tin- 

Platca, Copper-Pipes. Cocks Air 

Coppers. Leaden Pipea 
forthe Dlameterof aWhael 

ofa Given Pitch 
of the Weighta of a Lineal 

Foot of Flat Bar-Iron. oCja 

Superfldal Foot of Tarlooa m^ 

taUpfte. 
of the Weight of a Lineal 

Foot of Caat-iron Pipea 
of the Diameter of Solid or 

Cylinder of Caat-Iroa. Ae. 
of the Diameter andThick- 

neas of Metal of HoUow Co- 
lumns of Cast-iron 

■ of Caat-Iron Stanehiona 
of Strength of Cast-Iran 

Bars 

of the Valnes ofEaHhwotk 

of Weighta and Mc 

of Natural Sines 



Teeth of Wheels 

Telfbrd's Memorandam Book 

Thermometers 

Timber for Carpentry and Joinaj 

Tredgold'a Rule 

Waterworks 

WeighU of Copper, Bru», Stadt 

Hoop-Iron, £c 
Weights and Measures 
Weifchts of Bails 
Wickstead 
Woads 
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MB. WEALE'S SEBIES OF 

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL WORKS, 

At prices yarding from ls» to 28. 6d, 
Lists may he had on application to Messrs. Lookwood & Go. 

Thia excellent and extraordinarily cheap series of books, now comprising 
upwards of 150 different works, in almost every department of Seience^ 
Art, and Education, is strongly recommended to the notice of Mechanics* 
Institntions, Literary and Scientific Associations, Free Librariesi Colloges^ 
Schools and Students generally, and also to Merchants, Shippers, &c. 



CATALOGUE 



OF 



RUDIMENTAEY, SCIENTIFIC, EDUCATIONAL, AND 

CLASSICAL WORKS 

COLLEGES, HiaH AND OBDINABT SCHOOLS, 
AND SELF-INSTBDCTION. 

ALSO FOB 

MECHANICS' INSTITUTIONS, FREE LIBEARIBS, &e., &o. 



ME. WEALE'S 
SERIES OF RUDIMENTARY WORKS 

FOB THB USB OF BEaiNKBBS. 



LONDON : JOHN WEALE, 69, HIGH HOLBORN. 
WHOLESALE AGENTS, LOCEWOOD A CO., 7, STAHONEBS' HALL COURT, B.O. 

The several Series are amply illustrated, in demy 12mo., each neatly bound ra 
cloth; and, for the conyenience of purchasers, the subjects are published separately 
at the following prices : 

1. CHBmBTRT, by Frof.FGwneB,F.B.S.,inchidingAgricultural Chemistry^. 

for the use of Farmers Is. 

2. Natural Philosophy, by Charles Tomlinson . . • . . 1« 

3. Geology, by Major-Gten. Portloek, F.B.S., &o. . • • Is, 6d. 

4. 6, Mineralogy, with Mr. Dana's additions, 2 yoIs. in 1 • • • 2«. 

6. Mechanics, by Charles Tomlinson Is, 

7. Electricity, by Sir William Snow Karris, F.R.S. . . . 1«. 6d, 

7.* On Galvanism ; Animal and Voltaic Electricity ; Treatise on 
the General Principles of Galvanic Science, by Sir "W. Snow Harris, F.R, S . Is, 6d. 

8. 9, 10. Magnetism, Concise Exposition of, by the same, 3 vols, in 1. Ss, 6d, 

11, 11* Electric Telegraph, History of the, by E. Highton, C.E. . . 2f. 

12. Pneumatics, by Charles Tomlinson » Is. 

13, 14, 16, 16.* Civil Engineering, by Henry Law, C.E., 3 vols, ; and 

Supplement by G. B. Bumell, O.E., in 1 vol. • • ,4)S,6d, 
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16. Abchitectuhe, Orders of, by W. H. Leeds 1«. 

17. AacHiTEcrnjRE, Styles of, by T. Bury, Architect . , . . 1#. 6<?. 

18. 19. Abchitectuke, Principles of Design in, by E. L. Garbett, 2 yols. in 1 : 2«. 
20, 21. Pebsfective, by G. Pyne, 2 toIs in 1 2». 

22. Building, Art of, by E. Dobson, C.E I5, 

23, 24. Brick-Making, Tile-Makinq, &c., Art of, by the same, 2 vols. 

in 1 2$. 

25, 26. Masonry and Stone-cxjttinq, Art of, by the same, with illustra- 
tions of the preceding, 2 vols, in 1, by me same . . . . 2«. 

27, 28. Painting, Art of, or a Graumar of Golotjrino, by George Field, 

2 yols. in 1 2s. 

29. Braxning Districts and Lands, Art of, by G. D. Dempsey, C.E. 1*. 

30. Draining and Sewage op Towns and Buildings, Art of, by the 

same Is, 6d. 

31. "Well-sinking AND Boring, Art of, by G. R.Bumell, C.E. . . 1#. 

32. Use of Instruments, Art of the, by J. F. Heather, M.A. . . . 1«. 

33. Constructing Cranes, Art of, by J. Glynn, F.R.S., C.E* . . 1*. 

34. Steam Engine, Treatisd on the, by Dr. Lardner 1#. 

35. Blasting Rocks and Quarrying, and on Stone, Art of, by Lieut.- 

Gen. Sir J. Burgojne, Btirt., G.C.B., R.E 1*. 

36. 37, 33, 39. Dictionary of Terms used by Architects," Builders, Civil 

and Mechanical Engineers, Surveyors, Artists, Ship-build^rs, &c , 

4 vols, in 1 - . 4«. 

40. Glass Staining, Art of, by Dr. M. A. Gessert 1*. 

41. Painting on Glass, Essay on, by E. 0. Fromberg . . , . Is. 

42. Cottage Building, Treatise on . 2 I*. 

43. Tubular and Girder Bridges, and others, Treatise on, more particu- 

laiiy describing the Britannia and Conway Bridges . . . . I5. 

44. Foundations, &c.. Treatise on, by E. Dobson, C.E 1#. 

45. Limes, Coients, Mortars, Concrete, Mastics, &o., by G. R. 

Bumell, C.E I5. 

46. Constructing AND Repairing Common Roads, by H. Law, C.E. . 1«. 

47. 48, 49. Construction and Illumination of Lighthouses, by Alan 

Stevenson, C.E., 3 vols, in 1 Zs. 

53. Law of Contracts for "Works and Services, by David Gibbons . Is. 

61, 52, 53. Naval Architecture, Principles of the Science, by J. Peake, 

N.A., 3 vols, in 1 Zs. 

53*. Laying off Ships, being an introduction to the Mould Loft of Ship 

Building, by James Peake, N.A. in the press . . , Is. 6d. 

53**. Atlas of large Plates to ditto ditto ^ . . . . 1$, 6^. 

54. Masting, Mast-making, and Rigging of Ships, by R. Kipping, 

N.A Is.ed. 

54*. Iron Ship Building, by John Grantham, N.A. and C.E. . 2s, 6d. 

55. 56. Navigation, Treatise on ; The Sailor's Sea-book.— -How to 

keep the Log and work it off— Latitude and Longitude— Great Circle 
Sailing— Law of Storms and Variable "Winds ; and an explanation 
of Terms used, with coloured illustrations of Flags . . , 2s. 

57, 58. Wasminq and Ventilation, by Charles Tomlinson, 2 vols, in 1 . 2s. 

59. Steam Boilers, by R. Ai-mstrong, C.E Is. 
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60, 61. Land AND Engineerino SuBVEYiN0,byT.Baker,C.E.,2 Tols.in 1: 2*. 

62. Railway Details, by Sir M. Stephenson, Vol. I. ... 1*. 

62*. Railway "Working in Great Britain, Statistical Details, Table of 
Capital and Diyidends. Revenue Accounts, Signals, &c., &c., by E. 
D. Cbattaway. Vol. II It, 

63, 64, 65. Agricultural Buildings, the Construction of, on Motive 

Powers, and the Machinery of the Steading ; and on Agricultural 
Field Engines, Machines, and Implements, by G. H. Andrews, 
3vols.ini 3*. 

66. Clay Lands and Loamy Soils, by Prof. Donaldson, A.E. . . . If. 

67, 68. Clock and Watch-making, and on Church Clocks, by E. B. 

Denison, M.A., 2 Tols. in 1 2s, 

69, 70. Music, Practical Treatise on, by C. C. Spencer, 2 vols, in 1 . . 2«. 

71. Piano-Forte, Instruction for Playing the, by the same . . .1*. 

72. 73, 74, 75, 75*. Recent Fossil Shells (A Manual of the Mollusca), 

by Samuel P."Woodwai'd, and illustrations, 4 vols, in 1, Supplement 58. 6d. 

76, 77. Descriptivb Geometry, by J. F. Heather, M.A., 2 vols, in 1 .2*. 

77* Economy op Fuel, by T. S. Prideaux 1*. 

78, 79. Steam as applied to General Purposes and Locomotive 

Engines, by J. Sewell, C.E., 2vol8.ini 28. 

78*. LocoMOTTVB ENGiNBjJby G. D. Dempsey, C.E U. 6cl, 

79*. Atlas op Plates to the above . . • . . . 4«. 6<f. 

79**. On Photography, the Composition and Properties of the Chemical 

Substances used, by Dr. H. Halleur . Is, 

80, 81. Marine Engines, and on the Screw, &c., by R. Murray, C.E. 

2 vols, in 1 2s. 6d, 

80*, 81*. Embanking Lands from the Sea, by John Wiggins, F.G.S., 

2 vols, in 1 25. 

82. 82*. Power of Water, as applied to drtvb Flour Mills, by 

Joseph Glynn, F.R.S., C.E 28. 

83. Book-keeping, by James Haddon, M.A. . . . . . . 1«. 

82**, 83*, 83* Coal Gas, on the Manufacture and Distribution of, by 

Samuel Hughes, C.E 3^^ 

82***. Water Works for the Supply of Cities and Towns. Works 
which have been executed for procuring Siipplies by means of 
Drainage Areas and by Pumping from Wells, by Samuel Hughes, C.E. Zs, 

83**. Construction of Door Locks, with illustrations • . Is. 6d. 

83 (bis). Forms of Ships and Boats, by W. Bland, of Hartlip . . . 1«. 

84. Arithmetic, and numerous Examples, by Prof. J. R. Young . Is. 6d. 
84*. Key to the above, by the same Is, 6d. 

85. Equational Arithmetic, Questions of Interest, Annuities, &c., by 

W. Hipsley 1*. 

85*. Supplementary Volume, Tables for the Calculation of Simple 
Interest, with Logarithms for Compound Interest and Annuities, 
&c., &c., by W. iiipsley . Is. 

86. 87. Algebra, by James Haddon, M.A., 2 vols, in 1 . . • .2s. 
86*, 87*. Elements of Algebra, Key to the, by Prof. Youug . , Is, 6d. 
88, 89. PRiNCDPias OF Geometry, by Henry Law, C.E., 2 vols, in 1 . .2*. 

90. Geometry, Analytical, by James Hann It. 

91, 92. Plane and Spherical Trigonometry, by the same, 2 vols, in 1 2s. 
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93. M£NsmiA.TiON, by T. Baker, C.£ I«, 

94, 95. Logarithms, Tables for facilitating Astronomical, Nautical, Trigo- 

nometrical, and Logarithmic CaloulationB, by H. Law, C.£., 2 vols. 

in 1 2». 

96. FopuLAB Astronomy, by the Bey. Bobert Main, M.B.A.S. • . • 1«. 

97. Statics and Dynamics, by T.Baker, G.E I«. 

98. 98*. Mbchanish and Practical CoNSTRUcnoir op Machinbs, On 

Tools and Machines, by James Nasmyth, C.E 2«. 6d, 

99, 100. Naxjtical Astronomy and Navigation, by Pirof. Totmg. 2 toIb. 

in 1 2f . 

100*. Navigation Tables, compiled for practical use with the above Is. 6d, 

101. Differential Calcultts, by Hf . Woolhouae, F.B.A.S. • • . 1«. 

101*. Weights and Measures op all Nations ; Weights, Coins, and 
the vaoriotts Divisions of Time, with theprinciples whicn determine 
Bates of Exchange, by Mr. Woolhouse, F.Bj^.8. . . . 1«. 6d. 

102. Integral Calculus, by H. Cox, M.A • . 1«. 

103. Integral Calculus, Examples of, by James Hann. . • \ , Is. 

104. Differential Calculus, Examples of, by J. Haddon, M.A. • • Is. 

105. Algebra, Geometry, and Trigonometry, Mnemonical Lessons, by 

the Bev. T. Fenyngton Kirkman, M.A U,6d. 

106. Ships' Anchors for all Services, by Gtoorge Gotsell, upwards of 

100 illustrations lt,6eL 

107. Metropolitan Buildings Act, in present operation, with Notes 2«. 6d. 

108. Metropolitan Local Management Acts U,td. 

109. Limited Liability and Partnership Acts , . , . It . 6^. 

110. Six Becent Legislative Enactments, for Contractors, Merchants, 

and Tradesmen It. 

111. NXTISANCES BeMOVAL AND DISEASE PREVENTION ACT , . . . 1«. 

112. Domestic Medicine, by M. Baspail If. 6if. 

113. Use of Field Artillery on Service, by Capt. H. Maxwell, B. A. 1«. 6d, 

114. On Machinery : The Machine in its Elements, Practice, and Purpose, 

by Chas. D. Abel, C.E., wood-cuts . . . . . , l8.6d, 

115. Atlas of Plates of several ieindb op Machines, 14 plates large 

4to 4s. 6d. 

116. BuDiMENTARY TREATISE ON ACOUSTICS : The Distribution of Sound, 

by G. E. Bumell, C.E U.Sd. 

117. On Canal Engineering and Artificial Navigation, by 0. B. 

Bumell, C.E U.6d. 

118, 119. On the Civil Engineering of North America, by D. Steven- 
son, C.E., 2 vols, in 1 3«. 

120. On Hydraulic Enginebbing, by G. B. Bumell, C.E., 2 vols, in 1 . Zs. 

121. On Biver Enginbebing and the Construgxion of Docks amd 

Habboubs, by G. B. Bumell, C.E. Yol. III. . . • , 2s. 

122. On Fluids, by G. B. Bumell, I5.E 1*. 

123. On Carpentry and Joinery, founded on Dr. Bobison's Work, with 

wood-cuts • , Is. 6d. 

123*. Atlas to ditto is.6d. 
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124. On Roops fob Publio and Pbivazb Bttilbikgb, founded on Dr. 

Bobisou'B Work U, 6d. 

124*. Sbcbntlt oonst&uoixd Ibon Boofs, Atlas of plates . .4a,6d, 

126. On the Combustion op Coal and the Pbevention op Smoke, 
Chemically and Practically Considered, by Chas. Wye Williams, 
M.I.C.E / The 2 vols. ) - 

126. Illustrations to ditto ( in 1. / ^' 

127. BXTDIMENTABY AND PbACTICAL InSTBUCTIONS IN THE AbT OP AbCEI- 

tectubal Modelling, with illustrations for the Practical Appli- 
cation of the Art, by J. A. Eichardson, Arch. . . . 1«. 6d, 

128. The Ten Books op M. Vitbuviub on Civil, Militaby, and Naval 

Abchitectube,* translated by Joseph Gwilt, Arch., 2 vols, in 1, in 
thepreas 28. Sd. 

129. Atlas of Illttstbativb Plates to ditto, in 4to, with the Yignettes, 

designed by Joseph Oandy, in the press . . . » is, 6d» 

130. Intboduction to the Study and thx Beauty of Gbboian Abchi- 

TEcrruBE, by the Bight Hon. the Earl of Aberdeen, &o.y &«'., &e., 
ir» the press 1«. 



MB. WEALB'S 
NEW SERIES OF EDUCATIONAL WORKS. 



♦ 



1, 2, 3, 4. Constitutional Histoby of England, by W. B Hamilton . is, 

5, 6. Outlines of the Histoby of Gbebcb, by the same, 2 vols. . 2s* 6d, 

7, 8. Outline op the Histoby of Bome, by the same, 2 vols. . 2s, 6d, 

9, 10. Chbonology op Civil and Ecclesiastical Histoby, Ltteba- 
tubb, Abt, and Cxvilisaiion, tcowL the earliest period to the 
present, 2 vols 2s, 6d. 

11. Gbammab op the English Language, by Hyde Clarke, D.C.L. • Is, 

11*. Hand Book of Compabative Philology, by the same . , » Is. 

12, 13. DicnoNABY OP the English Language. A new Dictionary of 
the English Tongue, as spoken and written, above 100,000 words, 
or 50,000 more than in any existing work, by the same, 3 vols, 
inl . . . 39, Qd, 

14. Gbammab of the Gbeek Language, by H. C. Hamilton . , , Is. 

15, 16. DiCnONABY OF THE GbEEK AND ENGLISH LANGUAGES, by H. B. 

Hamilton, 2 vols, in 1 * 2t, 

17, 18. — - English and Gbeek Languages, by the 

same, 2 vols, in 1 2s» 

19. Gbammab op the Latin Language, by the Bev. T. Goodwin, A.B^ . Is, 

20, 21. DiCTIONABY OF THE LATIN AND ENGLISH LANGUAGES, by the 

same. Vol. 1 28. 

22, 23. English and Latin Languages, by the 

same. Vol. II. •«.•••••• If. 6d. 

24. Gbammab OF the Fbbnor Language Is, 

* 

* This work, tranalated by a sobolar and an architect, was originally published at 
86«. It bears the highest reputation, and being now for the first time issued in this 
Series, the student and the scholar will reeelva it as a boon from the gifted traaslator. 
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25. Dictionary of the French and English Languages, by A. Elwes. 

Vol. I Is. 

26. English and French Languages, by the same. 

Vol.11 U.ed. 

27. Grammar of the Italian Language, by the same . . . .la. 

28, 29. Dictionary of the Italian, English, and French Languages, 

by the same. Vol. I. . 'Zs. 

30, 31. English, Italian, and French Languages, 

by the same. Vol. II 28. 

32, 33. French, Italian, and English Languages, 

by the same. Vol. Ill 28. 

34. Grammar of the Spanish Language, by the same . • . .Is. 

35, 36, 37. 38 Dictionary of the Spanish and English Languages, 

by the same, 4 vols, in 1 4«. 

39. Grammar of the German Language •••••• 1«. 

40. Classical German Reader, from the best authors • . • • la. 

41. 42, 43. DicmoN ARIES of the English, German, and French Lan- 

guages, by N. E. Hamilton, 3 toIs., separately la. each * • 3a. 

44, 45. Dictionary of the Hebrew and English Languages, contain- 
ing the Biblical and Babbinical words, 2 vols (together with the 
Grammar, which may be had separately for la.; by Dr. Bresslau, 
Hebrew Professor • • • # 7a. 

46. English and Hebrew Languages. Vol. HI. 

to complete •••••• ^« 

47. French and English Phrase Book ••«.••• la. 



THE SERIES OF EDUCATIONAL WORKS 

Are on sale in two hinds of binding ; the one for use in Colleges and Sclcools 

and the other for the Libraiij. 



Hamilton's Outlines op the History of England, 4 vols, in 1. strongly 

bound in cloth 5a. 

Ditto, in half-morocco, gilt, marbled edges • • .6s, 6d. 

History of Greece, 2 vols, in 1, bound in cloth • • . .3a. 6d. 

Ditto, in half-morocco, gilt, marbled edges ••••.. 4a. 

History of Bome, 2 vols, in 1, bound in cloth 3a. 6(f. 

Ditto, 4a half-morocco, gilt, marbled edges .*.... 4a. 

Chronology op Civil and Ecclesiastical History, Literature, Art, 

&c , 2 vols, in 1, bound in cloth 3s. Gd. 

Ditto, in half-morocco, gilt, and marbled edges . . . .4a, 

Clarke's Dictionary of the English Language, bound in cloth . 4a. 6d, 

, in half-morocco, gilt, marbled edges 6s. 

, bound with Dr. Clarke's English Grammar in cloth . 6s. 6d. 

— ^Ditto, in half-morocoo, gilt, marbled edges .... 6a. 
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Hasiilton's Greek and English and English and Greek Dictionary, 

4 vols, in 1, bound in cloth 5s, 

^Ditto, in half-morocco, gUt, marbled edges . . , 5s. 6d. 

^Ditto, with the Greek Graioiar, bound in cloth . . 6*. 



Ditto, with Ditto, in half-morocco, gUt, marbled edges . 6*. 6d. 

Goodwin's Latin and English and English and Latin Dictionary, 2 

vols, in 1, bound in cloth ..41. 6d. 

Ditto, in half-morocco, gilt, marbled edges Ss, 

Ditto, with the Latin Grammar, bound in cloth . , 5*. 6^/, 

Ditto, with Ditto, in half-morocco, gilt, marbled edges , . 6s 

Elwes'sFrench AND English and English and French Dictionary, 

2 vols, in 1, in cloth . . 3s. 6d. 

Ditto, in half-morocco, gilt, marbled edges 45. 

Ditto, with the French Grammar, boimd in cloth , . 4*. 6d, 

Ditto, with Ditto, in half-morocco, gilt, marbled edges . , , 5s. 

French and English Phrase Book, or Vocabulary of all Conversational 

"Words, bound, to carry in the pocket Is. 6d. 

Elwes's Italian, English, and French. — English, Italian, and 
French, — French, Italian, and English Dictionary, 3 vols, 
in 1, bo\md in cloth 7s. 6d. 

Elwes's Ditto, in half-morocco, gilt, marbled edges . • . . 89 6<^. 

Ditto, with the Grammar, bound in cloth , , . , Ss.6d, 

Ditto, with Ditto, in half-morocco, gilt, marbled edges , . 95. 

Spanish and Ei^olish and English and Spanish Dictionary, 

4 vols, in 1, bound in cloth 5s. 

Ditto, in half-morocco, gilt, marbled edges . . . , 58. 6d, 

Ditto, with the Grammar, bound in cloth 6.9. 

Ditto, with Ditto, in half morocco, gilt, marbled edges , Bs. 6d. 



Hamilton's English, German, and French, — German, French, and 
English, — French, German, and English Dictionary, 3 vols. 
in 1, bound in cloth . . . . . • . . . . 45. 

. . Ditto, in half-morocco, gilt, marbled edges . , ' , is, 6d. 

Ditto, with the Grammar, bound in cloth 5s, 

■ Ditto, with Ditto, in half-morocco, gilt, marbled edges . 5s. 6d. 

Bresslau's Hebrew and English Dictionary, with the Grammar, 3 

vols, bound in cloth 125. 

Ditto, 3 vols., in half-morocco, gilt, marbled edges . , . 145. 



Now in Hie course of Publication, 

GREEK AND LATIN CLASSICS, 

Price Is, per Volume, (except in some instances, and those are Is. 6d, or 
2s, each), very neatly printed on good paper. 

A Series of Volumes containing the principsd Greek and Latin Authors, 
accompanied by Explanatory Notes in English, principally selected from 
the best and most recent German Commentators, and comprising all those 



22 



CLASSICAL SERIES. 



Works that are essential for the ScboUr and the Pupil, and applicable for 
the UniTeraities of Oxford, Cambridge, EdinbuTgb, Qlasgow, Aberdeen, 
and Dublin, — the Colleges at Belfast, Cork, Galway, Winchester, and Eton, 
and the great Schools at Harrow^, Bxifjby, &c. — also for PiiTsfce Tuition and 
Inttruotion, and for the Library. 

TTiose that wre not priced mrt in the Press^ 



LATIN SERIES. 



1 A new Latin DsLscrm, Bxtracts 

from Clanioal Autbon, with 
Vocabularies and Explanatory 
Notos * 1«. 

2 OjMAR's CoMXXNTABixa on the 

Gallic Wab ; with Grammatical 
and Explanatory Notes in Eng- 
lish, and a Geographical Index Sa 
S OoBNELius Nefob ; with English 
Notes, Ao If. 

4 ViBGiL. The Geocgiciiy Bucolics, 
and doubtful Works : with Eng- 
lish Notes It. 

5 Yiboil'b jENBn>(on the same plan 

as the preceding.) . . . . 2<. 
8 HonAC£. Odes and Epodes ; with 
English Notes, and Analysis and 
explanation of the metres . . Li. 

7 Horace. Satires and Epistles, 

with English Notes, Ac. . Is. td. 

8 Ballust. Conspiracy of Catiline, 

Jugurthine War . . . laiki 



9 Tebbitcbb. Andria and Heanton- 
timorumenos l«.0dL 

10 Tebexcx. Fhormio, Adelphi and 

Hecyra . • .Is. 6<L 

11 CicEBO. OrationB against Oatiline, 

for Si^, for Archias, and for the 
ManiUan Law. 

12 CiCBBO. First and Second Phi- 

lippics; Orations for Mllo, for 

Marcelius, iic 
CiCEBO. De Offidis. 
CiOEBO. De Amicitia, de fieneo- 

tote, and Bnitus Is. 6d, 

15 Juvenal and Persitts. (The in- 
delicate passs^es expunged). 
LiTT. Books 1- to ▼. in 2 parts . 
LiVT. Books xxi. and xxil 
Tacttub. Agrioola ; Germania ; 

and Annals, Book i. 
Selections from Tibttlldh, Ovu>, 

PBOPKRTins, and Lucbbtiub. 
Selections from Sustonhts and the 

later Latin Wrttera . . Is. <kL 



13 
11 



16 
17 
18 

19 

SO 



8s. 
Is. 



GREEK SERIES. 

ON A SmiLAB PLAN TO THE LATIN SERIES. 



1 iNTaoDucroRT Qbxbx Bkanqb. 

On the same plan as the Latin 
Reader 1». 

2 Xenophon. Anabasis, i. ii iii. . Is. 
8 Xenophon. Anabasis, iv. v. vi. 

vU 1«. 

4 LuoxAN. Select Dialogues . . Is. 

5 Homer. Iliad, i. to tI . Is. ed. 

6 Homer. Iliad, yii. to xii. . la 6d. 
r HoMBB. Iliad, xiii to zriii. Is. Hd, 

8 HoMEB. Iliad, xix. to xxiv. Is. 6d. 

9 HoMEB. Odyssey, i. to yi. Is. 6d. 

10 HoMEB. Odyssey, viir to xii. U. 6d. 

11 HoMEB. Odyssey, xiii. to xviii. 

12 HoMEB. Odyssey, xix. to xxiv. ; 

and Hymns. 

15 Plato. Apology, Crlto, and Pheedo. 
14 Hebodotub, i. ii. 

1ft Hebodotub^ iii. to iv. 

16 Hebodotda^ y. vi and part of vil 

17 Hebodotub. Bemainc^r of yii. 

▼iii. and ix. 

18 Sophocles ; CEdipus Bex. . . Is. 

19 Sophocles ; CEdipus Colonseus. 

20 Sophocles; Antigone. 

21 Sophocles; Ajax. 

22 Sophocles; Pixiloctetes. 



2S Bubipideb; Hecuba. 

24 Euripidkb; Medea. 

25 EuBipmBs; HippolytOB. 
£6 EumiPiDEs; Alcestis. 

27 Eubipideb: Orestes. 

28 ExTBiPiDES. Extracts from the 

remaining plays. 

29 SopuooLES. Extracts from the 

remaining plays. 
SO iEBoayLU& Prometheus Vinctus. 
Perse. 

Septem contra Thebaa. 
ChoSphoraa. 
Eumenides. 
Agamemnon. 
Supplices. 
Select Lives. 

Clouds. 

Frogs. 



SI 
82 
33 



85 
36 
37 
38 
39 



iESCHYLUS. 
^SOHVLDB. 

M CUTLUB. 



34 .£SCHTLU8. 



^SOHYLUS. 
^SCHYLUB. 
PLUTaBCH. 
ABISTOPHANEB. 

Abistophanes. 



40 Abistophanes. Selections from the 

remaining Comedies. 

41 Thucvoides, i Is, 

42 Thucvdides, it 

43 Theocbitub, Select Idyll. 

44 PiNDAB. 

45 isocbatbb. 

46 Hesiod. 



LONDON : JOHN WEALK, 69, HIGhH HOLBORN. 
WHOLESALE AGENTS, LOCKWOOD A 00., 7, STATIONERS' HAIX COURT, B.O. 



WORKS IN GENERAL LITERATURE PUBLISHED BY LOCKWOOD & CO. 
USEFUL ARITHMETICAL WORKS, BY DANIEL O'QORilANi 

INTUITIVE CALCULATIOI^S ; 

The most Concise Methods ever pu'Uished. Designed for the use of all ClasseB — 
Bankers, Brewers, Engineers, Land Surveyors, Manufacturers, Merchants, Wine and 
Spirit Merchants, Timber Merchants, Prefessors, Teachei-s, &c With an Appendix on 
Decimal Computation, Coins, and Currency. By Daniel O'GoxtMAK. 22nd Edition, re- 
vised by a Licentiate of the College of PrBoept(»8. SOthThousflUod, crown 6vo, 8<. 6d. doth. 

AN ORIGINAL AND COMPREHENSIVE SYSTEM OF SELF- 

INSTRUCTING BOOK-KEEPING BY SINGLE AND DOUBLE ENTRY. 
New Edition, 8vo, price 5«. cloth. 

THE PRINCE OF WALES'S NEW TABLE-BOOK, compiled 

from the *' Intuitive Calculations ; ** embracing all the Tables in Money, Weights, 
and Measures, necessary for the Arithmeticiaii; with New Tables of Decimal 
Coins. New BditioD, li2mo, 8cL stitched. 



WORKS BY THE REVi WM. HARRISON, RECTOR OF BIRCH.' 

THE TONGUE OP TIME; 

Or, the Language of a Church Clock. By William Harrison, A.M. of Brazenose Col- 
lege, Oxford ; Domestic Chaplain to H.B.H. the Duke of Camoridge ; Hector of Birch, 
Essex. 6th Edition, with beautifid Frontispiece, fcap., reduced to 3«., cloth, gilt edges. 

"Thii is ft apiritaal little treatise, intended to I hours of the day to the edification of the louL"— 
improve practically and devotionally the twelTe | CkurckaMm's Monthlif Review. 

THE SHEPHERD AND HIS SHEEP; 

AH BXPOBITIOH OF THE TWBNTT-THIBD TOAUi. 

2nd Edition, enlai^ed, fcap., reduced to 2«. ed. doth, gilt edges. 

CONSECRATED THOUGHTS; 

OR, ▲ FEW NOTES FROM A OHRISTIAN HARP. 

2nd Edition, corrected, fcap., 28. 6d. cloth, gilt edges. 

SERMONS ON THE COMMANDMENTS, 

PREACHED IN THE CHAPEL OF THE MAGDALEN HOSPITAL. 

2nd Edition, corrected, fcap., 4«. cioth. 



MANUAL FOR THE BEREAVED.' 

2nd Edition, fcap., reduced to 4«. 6d. cloth, 

HOURS OF SADNESS; 

Or, Instruction and Comfort for the Mourner : consisting of a Selection of Devotional 
Meditations, Instructive and Consolatory Reflections, Letters, Pi-ayers, Poetry, &c., 
from various Authors, suitable for the bereaved ChrlBtian. 



Cheap and Entertaining Books for Children. 

THE STORY OF THE THREE BEARS. 17tli Edition, with 

Illustrations, oblong, now reduced to Gd. sewed. 

THE GREAT BEAR'S STORY ; or, the Vizier and the Woodman. 

With Illustrations, obluu^, now reduced to 6d. sewed. 

AN HOUR AT BEARWOOD ; or, The Wolf and the Seven Kids. 

With Ilhistrations, oblong, now reduced to 6<f. sewed. 

THE THREE BEARS AND THEIR STORIES; being the above 

Bioriee in 1 vol., with numerous Illustrations, reduced to 2«. oblong, cloth lettered. 

THE UGLY DUCK. By Hans Andersek. Versified ; and dedi- 
cated to the Readers of "The Three Bears." Four Illustrations by Weioall. 
Oblong, now reduced to 6d. sewtd. 



WORKS IN GENERAL LITERATURE PUBLISHED BY LOCKWOOD & CO. 

ELEGANT CHRISTMAS, NEW YEAR'S, AND BIRTHDAY GIFTS. 

Ninth Edition, fcap. 8yo, doth, gilt edges, 568 pp., price 6&, 

TRUTHS ILLUSTRATED BY GREAT AUTHORS j 

A Dictionary of nearly Four Thousand Aidis to Reflection, Quotations of Maxima 
Metaphors, Counsels, Cautions, Proverbs, Aphorisms, &c. dec. In Prose and Verse 
Compiled from Shakespeare and other Great Writers. 

"We accept the treasare with profirand gratis 
tnde— it iheold And its waj to every home." — 
Era. 

"We know of no better book of the kind."— 



" An achicTcment worthj of the higfaeet order of 
literary Keniui.'*-^Jform«9 Jdvertiter. 

" The qaotationi are perfect g»m« ; their selec- 
tion erlnoes sound Judipmcnt and an excellent 
taste."— 2>iapa/eA. 



Examiner. 



Third Edition, fcap. 8vo, cloth, gilt edges, 536 pp., price 6«., 

THE BEAUTY OF HOLINESS; 

Or, the Practical Christian's Daily Companion : being a Collection of upwards of Two 
Thousand Reflective and Spiritual Passages. Remarlotble for the^ Sublimity, Beauty, 
and Practicability ; selected from the Sacrea Writings, and arranged in Eighty-two Sec- 
tions, each comprising a difi^rent Theme for Meditation. By the Editors oc " Truths 
Illustrated by Great Authors." 



Second Edition, fcap. 8vo, cloth, gilt edges, nearly 700 pages, with beautiful 

Vignette Title, price 6s., 

, THE \, 

PHILOSOPHY OF WILLIAM SHAKESPEAHE." 

Delineating, in Seven Hundred and Fifty Passages selected from his Plays, the Multi- 
form Phases of the Human Mind. With Index and References. Collated, Elucidated,- 
and Alphabetically arranged, by the Editors of " Truths Illustrated by Great Authors." 



Second Edition, fcap. 8vo, eloth, gilt edges, 638 pages, with beautiful tinted lithograph 
FrontiBpieee and TiUe, after the design of Moritz Retsch, price 6a., 

SONGS OF THE SOUL, 

During its Pilgrimage Heavenward : being a New Collection of Poetry, illustrative of 
the Power of the piristian Faith. Selected firom the Works of the most eminent 
British, Foreign, and American Writei's, Ancient and Modern, Original and Translated. 
By the Editors of "Truths Illustrated by Great Authors," "The Beauty of Holi- 
ness," Ac &o. 



THE SUNBEAM STORIES. 



Now ready, the Thirty-second Edition, price !«., 

A TRAP TO CATCH A SUNBEAM. 



If 



COMING HOME." 2«. cloth gilt O'urt 
jmbliskecC). 

THE DREAM CHINTZ. Illustrated by 
James Godwin. 2». 6d., with a beau- 
tiful fancy cover. 

OLD JOLLIFFE, not a GobUn Story. 1*. 

THE SEQUEL TO "OLD JOLLIFf E." 1*. 



Alto hy the same Author, 

THE HOUSETON THE ROCK', l*. 
" ONLY ; " a Tale £pr Young and Old. 1«. 
THE CLOUD WITHWHE SILVER LINING. 
"A MERRY CHRISTMAS." i«. [U 
THE STAR IN THE DESERT. U 

SIBERT'S WOLD ; or, GROSS PURPOSES. 
Second Edition, Ss. 6d. cloth. 



" Tn tellinjr a eimple story, and in the management of dialosue, the Author is excelled by few writers 
of the present da j."— Literary Gazette. 



Bradbury & Evans, Printers, Whitetiars. 
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